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Fig. 3:  Cryiallivation of rubber at different. 

_ temperatures ‘and. subsequent melting. oe 
i Caauihe the marks A, B and CG, refer 
- to the beinning of § 11,-Part II. + ae 
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tion and the width of this melting-region varies 
-aecording to the previous erystallization temper- 
ature. “ts 
(4) The range of melting is not dependent 

-on_ the extent of crystallization and is definitely 
determined by the temperature at which erystal- 


ob lization occurs. Fig. 4 is derived from Fig. 3 and 
x f / 
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Big. 4. Melting ‘range of crystalline rubber 
-as a function of the temperature of oe 
stallization. 


we shows the plat ioa ‘between the melting range and 
the temperature of crystallization. 
In the present paper the author. tries to ex- 


plain these results: theoretically and cons'stently 
: based on some allowable assumptions. 


fen 820° Models and ’Deaaitions. 
ai _ Adopting the conception of the “ micell’’ (das 
a ausgefranste Micell(3)) as a fundamental model of 
ae rubber crystal, we define as follows. 

A part of a chain molecule of rubber which 
- works as’-a unit in the case of Brownian motion 
or erystallization is called an “element”. 

When / elements in each of g chain molecules 
é : arrange themselves in parallel lines with the atomic 
_. configurations corresponding to crystalline state, 
: this aggregation is called an ‘‘/-grain’’ and 1 is 
_ealled the “‘size’”” of the grain (Fig. 5). 
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At an adjacent place to a stable grain, another 
new one springs up: A group of grains grown’ with 4 
mutual connections'as is shown in Fig. 6 is called — 


a 


“Usual” grain 


8) Grain 


Frozen amorphous part x 
containing gd elements a 
Fig. 6. Linear Cluster. 
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a “cluster.” The grain which formed earliegs in” 4 

a cluster is called. a “‘nucleus’’, and those grains a 

which are not muclei are called “‘usual’’ grains. a 
As crystallization goes on, narrow amorphous 


parts are left between two adjacent grains. Thai 


-“motior s being restricted by the surroundings, ele 


ments in these amorphous parts do not erystallize 
afterwards, “). and might be. called “frozen amor- - ¥ 
phous elements.” Those amorphous elements whieh @ 
are ‘called ‘‘free.”’ Elements ~ 
which are.in grains are called “crystallized ele- = + 
ments.”’ We put the ratio between the “frozen” ; 


are not ‘‘frozen”’ 


amorphous * and the * erystallized Ly elements as 
Av—1):-1, 7 indicating the numberof elements _ 


dropping out of free amorphous phase pet. one | 
“crystallized” element. ba 


Il. Mechanism: for Crystallization. 


§ 3. Crystallization Process at the Higher Tem 
peratures. 


As mentioned above Wood and Bekkedahl con- 
sidered the reciprocal of the ‘‘half-time’”’ to be 
a measure of ‘the rate of crystallization. Bat be- ; 
fore talking about. the rate, ‘the mechanism of ery : 
_Stallization must be scrutinized. AS) Sig ieey oS eee te 

Let us consider that an amorphous phase con : 
taining L elements | is held at Taek, and. ‘erystal- 
lization goes on gradually in it. Letting e oO be 
the number of elements remaining in “free 
amgrphous phase at time ¢, and considering ; 
finition of 7 at the end of the preceding 8 
the number of elements Qe) i Beane r 
lized is capremen as 


; norphous' state ba equal: and 2 are. 
srent rpm that i in the grain, + 
: um eaters 


. 


w(t) ¥ 5 - 100 ous * ugly on . 
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‘which j is what Fig. 2 represents, 


bas i into. (3. 4, we have : 4 : ates eo) 
eee ta erro @ ot Hz) - 


as Wood and Bekkecahl rightly considered, for the 
higher temperature region. By the ‘‘ higher ”’ tem- 
peratures we shall mean tie temperatures at which 
the “¢2-law”? holds, that is higher than -30’C. 
At the same time the “lower” temperatures 


bite Ae fons £ ReNCr rs Ree. 
Therefore, we can. conclude: that, so far as 7 is “A he a Cok 
assumed to be independent of temperature, 1/t, 1 o Rae ea re 
ss really is‘a measure of the rate of crystallization, ty G if pie 
ras nae 


mean those below ~+30°C. 


eased But (3.3) does not hold for large values of t 


as it does not take into consideration the mutual 
ime interference of neighboring’ clusters. It should be 

added here that, by taking into account this inter- 
$e ference in an appropriate form, we can construct 
a 2 differential equation to determine P(t) as a 
: generalization of (3.2), the solution of which fits 
well with experimental points for large values of 
t, too. But to introduce too many variable para- 


meters is futile, so the details of comparison with 
Fig. 1 are aed here. - : 


Bai peratures. 
Song F 


it plain the _erystallization curves for -33°C and 


E The: -considered.. Now we assume, in place of the 
s assumption (2) §3, that a cluster grows ina shape 
. - of a tree as illustrated in Fig. 8. We shallseall 
3 ‘the: cluster of this for.n the ‘‘dendriform’’ cluster. 


cle © represents, just as c in (3.2), the velocity for 


: : formed one, the total number of grains included in 
_ acluster grown from a nucleus generated at t = 0, 
aie ; 
a , chy 
Dalal +2n +2? At. a +24 u) = Dolaa 2 “aay 4, 1) 
where _» has the meaning illustrated in Fig. 8. 
Modifying the method of §3 alittle, we get 


: the: next equation for the number of elements. PO): 


_ remaining in ‘‘free’’ amorphous phaseté: 


Bie sae 1 o(t—t) 
ea ie [ wPO)2glam( * —1)de, (4.2) 


bef 


| which can easily be transformed into the differential 
< _ equation ue 


e ‘ 


; w PP 
73) en? dt? 
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with the initial conditions P = LZ, at = outs ie + 


“¢ § 4. Crystallization Process at the Lower Tem- — be considered as a special case of the dendriform | 


As we see in Fig, 7, the ‘‘¢-law”’ cannot ex- . 


788° €, and some other mechanisms for them: should - 


‘ a grain. to grow at a place adjacent to an already -~ 


we get . : Les 7: es 


o + Oplasnur P= PE aanae U) 


Fig. 8. Dendriform Cluster. = 


aP, | 


When « approaches to infinity, (4.3) becomes effective: 
ly. identical with the differential eqaaspan derived 
from (3.2) with slight modification in a numerical a 
coefficient, confirming that. the linear. cluster can’ 


one. On the contrary when # is small, ‘the 
peculiarity of the latter becomes évident, and dif 
we put~™ 
poy AbuglaF = eln? = ect .: 
a 15 aS on? oe e 


the solution of (4.3) becomes 


/ 


P(t) Le { cosh (ab) sinh neo} 


1 a: S 
And again, pottiie + =1 6, and. comhining a. 
with (3. 5), when € is gees and ¢ is not’so smal z 


t) = VS aha 
we 100% Pe et 


the data of Fig. 1 with log w and t as axes, an I 
it shows that the ss expoential law”? (4. 6) is r is 
for the curves of the “ lower 7 ‘temperatures. 
this <e Fig. : cannot be said, in astrict, 
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2 is, as shown in 
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Fig. 6, 2d pon a nucleus and d for other * x 


: ‘grains, F, 


When, we mane to emphasize the _ Presence of a 


equal: es the. difference ae volumes 
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36 . Rate of Formation of a Grain. ee 
ee Ke x the process of formation of a.grain gus 
= “amorphous state: through - activated ‘complex, so . 
~ far. as the rate of transfer from: the latter to. ‘the z 


“final | erystal is: i tae eponee, the rate-determining a 


grain has he valoe =H 


( 


Pees . se Ae — KIKUCHI. 


‘ factors are the following two: (1) The rate of dif- 
fusion of elements in the course of formations of 
an activated complex, from amorphous phase, and 
(2) The number of activated complex in équilibrium 

a with the amorphous “phase, when the diffysion 
velocity is sufficiently large. 

In the lower region of temperature (1) has the 
‘chief effect and both x and ¢ are proportional to 
exp(—U/kT), where U is the activation energy 
for diffusion of an element. Though the details 
date not described here, this a-sumptiorf can explain 
“qualitatively the variation of the rate of crystal- 

ac apeemon in the lower temperature region. 
On the contrary in the higher temperature 
region, (2) is rate determining, and the number 
: . ‘ of (-activated complex in equilibrium with amor- 
phous phase is, .after Eyring, proportional to 


i Pict i eRD {21 (bic—Gam)/KT}-3 exp (—21S/k),, (6-1) 
A ~ where 2 in the power represents two molecules 
participating in the activated complex and k is the 
Number of l-grains, 7(l, T), 
es er yerailizintg. i in unit time is proportional to (6.1) 


“s and: it 


_ Boltzmann’s constant. 


r(l, T) = A exp (—21S/h), (6.2) 


% Ata temperature T’, grains smaller than /(7,, 3) 
~~ of (5.5) being unable to crystallize, the total number 
ED of grains formed in unit time rs (7) is 


: ore = Aca ag xP {— —2u(T, 8)S/ky. 

if | eee) 
- ‘The rate of fabriation of a grain, w and ¢, are 
"proportional to (6.3). 


The total)number of elements P,(T) crystal- 


rt T)dl = 


_ liging in “‘usual’’ grains in unit time is 


ae : PD) = i 


and therefore, the average number of elements gl, 
ay Be for a “usual ” ‘grain is 


t 
re 


oi ni Balt} ie 
Ole = <ol> av nat = 95541 Leu’, ap}: 


(6.5) 


eat Comparison with Experiments. 


© For the higher tenpubataine region, the’ theo- 
retical results of the former section can be com- 
pared with, Fig. 2 which represents (8. 9). Suppos- 


_ satisfactory agreement shown in Fig. 11 —— 


yan Thal,” ” (6.4) > 


‘ a Cra 


ing ie number of nuclei is much gunaller eal 
that of “usual” erates we get, ae (6. 3), (6. 5), 3 
(5.3). ete., Rar ara rhe 
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where Bis a function containing 7 etc., “but: is 
considered simply as a constant for péelivataney ay 
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comparison with experiments, and q stands for : 
Sdjk. 

In Fig. 11, points and the broken curve os 
those of Fig. 2 and the solid line is the theoreti-_ 
cal result (7.1) with the values ‘ 


T, = 310°K, “B= 
q = 0.5-0.005 (T'-273), 


which were selected so as to get the best fit with’ 
experimental results, ‘and the probable error of To 
is about +20°. A i 
Though. the formula (7.1) and the values of 
(7.2) have merely. an approximate meaning, the 


that such a theory is plausible. rings as men- 


TEMPERATURE, °C 
Fig. 11 


\ ’ Experiment 


. Theory - 


Fon 


of rubber ‘sea near 50°C were report 
value of (7:3) with its gases error 


4yG. 5. Barks, ay Chem. Phys. 4(1936) 459, 
OG lug Bee: Gs Treloar, Trans. er Soc 
as 81. Ee ee rey 3 ' 


(6). Strictly cero, bunoee of elements cry. 
Se pe as nuclei ere Fe should be add 
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In the next place, 5 we assume , that the melting % 
(of a linear eryetal occurs after the following me- zi 
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chanisms: (1) Melting proceeds step by step’ from 

both ends of a cluster; (2)'A grain with the char- 

acteristic melting point T’K does not melt until 
(the temperature becomes, higher than 7°K. 

For example, when we raise the temperature 

; of a cluster crystallized at 7',°K to T°K, melting 

_ proceeds from both ends step by. step until a grain 


i with its characteristic melting point 7”°K (T/> T). 


“places: at the’ edge of the cluster, and then the 
melting stops there. Until the temperature becomes 
higher than 7’°K the melting. does not. resume. 
$9. SEvoluation sot the Probability. 
~For preparation we solve the next question 
on probability: “One of ecards marked ‘R’ the 
‘number of which is R and those marked | CW? the 
-mumber of which ‘is W, is placed upside-down at 


- random at each of the M sites in a line, M being” 


~ equal to R+W. Turning the cards one by one 


- from both ends and continuing so far. as the mark | - 
CRS appears, what is the: average number Mes cards 


that is to be turned?” 
‘The probability Y(s) of finding am.‘ R’ at the 


~ sth. site from an end, after all of the (s—1)th 


cs have been ‘R’, being 
Sant Cee : , es 


* R=s+1 
M—s+1 4 


(9.1) 


“the eyrrnee number of abs se R) asked is 


\ 


2R 


es mi, R= BaD ar = 23) ¥(s) = ” M—R+1° 


ae is important because at R = M—1, m(M, R) 
iG an angled curve as a function of R, and this 
results in a distinct point at which the melting 
ends as will, be shown. below (cf. § 11). * 

| Though, strictly Speaking, (9.2a) holds for only 
a ches values of R, we assume its validity for 
; Ee eeal qa too. 


at 


5: 3 10: Melting * a ‘Cluster. ‘ 

ie Suppose that a cluster formed at. 7,°K ‘and 
of. “size”? -M (when grains contaihed in a cluster 

“a M in number, we, shall call its “size” M), is 
_ rought to T°K (T>T.). Then from (8.1) the 


iw grumaber of Sa R Pala thé characteristic melt- . : 


‘the corresponding quantity in (9.2), m(M, R) re- 


portion y(T; M). of edements which have | melted 
below Ae oa in a a Ghote of size M pecomes: ? 


for RS M—1 (9.2) 


“Eien if we > define T,” by : ie anki in 
for R= M-1 | (9.2b) r ce F 


R= \ Fe jal = bile irene 
. i PS f 


fe = wae 


i i: ‘ 3 hes ; @ 2 
M=\_ ul T,)dl = Dees 40.2) 4 
Ina “cluster crystallized at T.°K, vos size 
of a grain which has melted at T’K, the Tes 38 
\" et x) dl : a 

“(P, yar 


glib T) = ia) 


(10-8) 
e-2lt- a Sid ” 


Un, ADS 


= Goneideemg R and_M thus peaicue as to 0 be 3 


presents the number of grains which have melted 
at 7T°K. Then, in order to compare with experi- 
ments, combining mM, R) with (10.3) and glalTe) 
in (6.5) which is nothing but gl.(T-; To), the pro- 


* Glilte, +4) U ales. 2 7). ma R). 
gh.AT) 


In’ the next place considering” the facts “that ; 
the width “of’ the frozen eres: pare note be- | 


WT, M) = ans) ¢ 


after the crystallization, none gradually a—a, 
Mie). and UD has the form. =r 
vs ae a3 


Dy 
WE) dp 


“Fs "e 
@— aj 
“Ml in P, id= Pot 


ory 


it gives. the temperature at which nselting” 
because at T= T,, we. get easily eae 
(10.5) and (10.1). S 


> Using Ts, (0. 4) becomes ee oe Bec 


‘ 


yl, M)( = a ansy Wat My r 


= MDs ut, M) 


L,, Mie) = bag. oper (112) 


z and M,. gives the maximum size of clusters ‘ery- 
Ta Mei ‘stallized ati Ts °K being of the order ay ; 


qa 


oa oe wilt SBE a ee 
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fs aoe a 
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Tn 
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aD se SENDS: 5 AES ROT Oh le 
TEMPERATURE oF CRYETALLIEATON 5, ES i coe 


os for TST, ee Ae “Hie | | 
a a. Ja) ek: ( 1): "Temperature of. crystallization T. 

. (2): Assigned values of T;. 
oes): ‘Theoretical ayes of tte by te 2). 
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* er crease its volume gradually. 
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T,—T. =5° (below 10°C) 
M,, = 40 at Te = 1°C 


(11.5) 


M,, having the functional form (11.4). 

These figures indicate that (11.1) agrees enough 
well -with the experiment so far as the ‘‘linear 
crystal’”’ is concerned, except the region over 
about 10°C. 
explained yet. . 


V. Ganclusion: 


~ $12. Discusssions and Conclusion. 

Melting of the ‘‘dendriform”’ clusters :—For 
this crystalline form, two theoretical curves for 
Melting could be constructed by assuming laws 


for the process. of melting, but the conclusion is 


‘not yet drawn owing to the complexity of for-. 
oe mula. Qualitatively, the reason for the broaden- , 


Ms ing of the temperatuke range of melting for the 


e lower temperatures seems to be due to the larger 


#8 values of the size of a cluster M,, as the tem- 
os perature becomes lower. 

~ Recrystallization :—When a rubber is held at 
a constant temperature half-way of melting or 
_ above the temperature at which the melting has 
_ been apparently finished, the rubber begins to de- 
Wood and Bekkedahl 
called this phenomenon the ‘‘recrystallization,” 
‘the peculiarity of which is that the rate of de- 


fe crease in volumes larger than the case of pri- 


- volume. 


_ mary erystallization, ‘This phenomenon is explain- 


ed without difficulty by our theory. Namely, not 


; to speak of the case in which the melting is ap- 


_ parently not.completed yet, in the case, too, in 


, appearently, the crystal does not melt. completely 
“and at least Some quantity of the order of (11.5) 


_ is left, which plays a role of nuclei for recrystal- 


lization, causing a larger rate of decrease in 
Though this seems very interesting and 


This discrepancy above 10°C is not: 


- various sides. 


-.~ 14). 


Be which the rubber is brought to the temperature 
higher than that at which the melting has ended 


as ‘ E ; ioe ee Es ey ea 
\ t : 


experimental data are ‘desirable. 
Furthermore, other exprimental resaieat 
reported by Wood and Bekkedahl, e.g. various. 
facts concerning the stark rubber, can be explain-_ 
ed at least qualitatively by our models: “== Oe 
In conclusion we should like to point out that 
the present theory includes some new bold models _ 
concerning the ‘‘ micell”’ of high polymers. Though — 4 
in the present stage these models are nothing but. 
hypotheses, we hope in the near future its validity — 
will be exarhined experimentally by attacks from 


The author wishes to express his bear thanks | 
to Prof. T. Sakai, the late Mr. Y. Ochi, Messrs. 
A. Ishihara and a Ichimura for their encouraging: 


discussions. 
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where j is the quantum number and (#|4|j’) is 
"the matrix element of the electrie dipole vector. 
In the case of ammonia at room ‘temperature 
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12 x * Masataka MIzUSHIMA 


by the molecular beam method, but, paying no 


identically by the above discussion, and ¢,/kT is 
very small and nearly ees of r, hence ~ 


: i aint as 


which is the same expression.as when we take 


bation theory, with the wave function ws 


can ae prave that ~ 


pe ((veadidey = “out ede, 


that is, d.corrospends to the dipole named al . 
classical pyramidal structure of the ammonia, 
molecule. e Is + ee 

§ 3. Molecular Beam of Ammonia. st 

- When an inhomogeneous electric field is applied ; 
ona molecular beam of polar molecule, the. path J 
of this beam is somehow deflected, degree of which 
being determined by the electric dipole | moment 4 
of this molecule. Schoeffers”) attempted to mea- § 
sure the dipole moment of the ammonia molecule § 


attension to the inversion doubling, ‘failed to ob- 4 
tain the correct interpretation of the experimental . 
results. In his experiment energy perturbatio : 
was smaller than é, therefore, the inversion doubl- 
ing play an essential role in this case; we shall 4 
make re-calculation from this point of view. ee 

When an electric field of strength F is applied 


on a molecule, the energy of ‘the latter rite 
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Then the. force aging: on the ciSeogle? in the a | 
direction is 
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If the field. is inhorbgensdus in a: direction per- | 
pendicular to the beam, it is shown” that- the — 
deflection of a molecule at the end of the path fs f 
given as follows eat 


bation function being —Fu cos 8. 
It may be seen pi d, the matrix 
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we ean calculate the relative concentration for 
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tas 1. Introduction and Summary. 
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“model lof liquid and solid having a structure of a 
~ mosaic of fine fragments, each of which has 4 
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domain and’ meets at ibe defined interfaces with 
‘each other. ~ , 

Te Throughout these procedures the ponlyaene: 
tional thermal mode of the system has simply 
; been represented by the independent translational 
_ mode, of each ‘crystallites without special care for 
‘its appropriateness, which may however be accused 
_of ‘the doubtful predominance or the uncertain. 
_ existence probability of such a. gas-like thermal 
‘mode | in the condensed system under consideration. 
j In fact it was once’ proposed by Brillouin’) that 
“the -non-vibrational thermal mode in liquid shall 
‘eorrespond to some transverse thermal mode in 
- solid” and “that it shall be represented by the 
A yortex””, ry mode in een which is in natural | 
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It was proposed. previously")-®) a molecular — 


- perfect crystalline pattern throughout its own , 


aceard with a requirement ‘of absence of the dila- i 
tation in the ae eee cis 


of the system. 


The decision decweents the different ‘ional 
concerning the non-vibrational thermal’ ‘mode - 
natural state as well as the choice of the 4 
predominant process of flow under external ° tr 
can only be given by a deliberation. ‘on the 


respectively. — Hopi 


e' Teoek ised erystallite. 


een a specified crystallite. and its surrounding 
ones is proportional © to its momentary. surface 
“area ‘and it depends on the translational coordinate | 
the specified crystallite, such a situation having 
mn neglected throughout: the previous conven- 
tional treatments by smoothing out the potential « 
~ ene: ey with ‘respect to that coordinate. It is 
ace ident, however, that there exists a ground state 
-¢O responding to a ‘configuration. of symmetrical 


ibution of the intererystalline boundaries such 
as to minimize the total intercrystalline surface : 
; and: that there accompanies an increase of 
internal ‘Surface’ area in the process’ of shear 
notion ,0f ay specified crystallite, which, i is a main. 


ause of the activation. enerey for such an excited ~ 


er 


g its — 


necessary Reale , some “Tocalized: Matrain * 


ey of - the: 
it eats energy above | considered. In ther 


in) excess — to the ° increase 


¢ - For such an repeated state to be realized, 


ee tient ray 


non- -vibrational thermal mode of normai. liquid in- 


rather. by the ena EER of st 
‘constituent: 


s The misfit potential energy at bodaaennes be- 3 


eres pagusly ra minute misfit snore such as Ronettes 


' the system — is- much destroyed with i increase of 


_ in general can also be explained on the supposit 0 


_ present theory. 


‘ \ 


Sof infinitely copamiees ryaeatioss are per-- nd 
oriented ° ‘erystallite may be "generated ne 


-any_process the total internal surface area varie: 
| of the variation being obviously sympathetic with — 


‘the coarseness of the foam structure. 
pose that the amplitude of the varying surface — 


| Sore 


Tt will bs dembactiated in this paper that the : 


natural ’ state ean substantially be represented 


with conceivable exception | of a specif liquid on ; 


that the ‘normal liquid in shear stressed . state 


behaves Newtonian in main ‘but tends fo" non 


Newtonian system as the ‘quasistatic character. 


applied force. The plastic behaviour of ‘the 0) 


of some non-equilibrium character in the solidi ca: 


tion process from the melt. For the _mome! 


however, we must be satisfied rather with a qu 
tative results in regard of a poor state of h 


7 


the expense of the neighbouring crystallites. 
i . ! ee 


itself cyclically, both the period and the amplitud 


We sup- 
area is given by Y(ea)?... Then the configurational — 
excess energy of a erystallite due to its indepen- 
dent displacement is given by 72’,,, where & is 


the misfit potential energy per unit lattice area, 


ence ‘of the activation energy for trans- 
_ “dislocation” on its width. An 


? 


sane fr 
S was- ready remarked i in 1 the: introduetion, j 


if wren tinteponadat: displacement. 
or BB of a crystallite, ne from 
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acament Aa! or BBY of order of ax of a | 


rm may. accordingly be estimated to Bs of ' 


(1) and: the elastic strain energy Q, 


e* Hex = a! T+ T toe tate ate 


‘i 


ie a 
gives the excess energy over” the ue a state \ of ® 


an excited state for a specified ae yea to 

displaced independently of the ‘others. 
But the independent displacement of a speci 

cerystallite. is not the unique one in the non 


‘tional thermal modes of. Jiquid, a well-de 
correlated displacement. of many crystallites 1 


also coneeivable. Now the situation that 
excess | energy of ithe ystems, is. composed of two — 


‘Fig. 2: Schematic representation of the . 
state: (a), the kes # excited state b), 3 


ae rf + 


5 Rate: stores wen constituent: eryotallite } is 
in one, of the sre tal sips ‘without 4 


strain energy, is depicted i in (c). “The » OX 


eh of the fast state is of the order of. 15 


‘6 Ae Se Bebe, 


ac 


* A scheme iow me 7 
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who intended to depict. somewha: 
‘tion from tiie ye fescaged ‘one. ae 


The partial partition | function of an 


‘ < estimated. 


of the order of 


2 Rea exciton. ‘n’ for its translational mode is given by 


eh Oh 


most approximate t to i pee “ase 


z 357 ; - wi a (ee, A rca (6) 


~~ } Sos fet it 


! 1 nir imizes expression (5). ; 
For the estimation | of n*, according to Bas. d of the order 


and hs me suppose | ee : SEE p/ “ae RRsat 
=% r : eo { 


y % , . par Pee by 
Rai, Bee! 2 ea ergs jean be estimated, referring to Fig. 1. 4 
26 5 Sai en wee tae : hi partition function of the ground state is 0 
a with the viscosity data (see section 3). order of i 


ox 10-8, 2 AWM Ss); ; 
; a 850k, Bo = = 10-*, ao! A 10 degen a corresponding to o that state, the relative rob 


of an exciton ‘ n? is given by. 4.4 


ty @amikeDye. er nee Sin) 
a ee Cee 


Tore 


“When ee is. an applied force 
direction, wae energy cee due to this 


Sf. energy is ‘sthall ierad ‘ith ‘the eXcess . 
ergy, a). ‘Such a Mania, shall Oe denoted phe beoget of the sig thé positive « exciton ar 


tt is to ‘be: noted that a system characterized each Shoe (sce. Fig. 3). “eines: no the aes 
1h & much smaller compressibility. or an enor- __ the, external force the excitation of the | 

mou. ly minute misfit energy shows abnormal be- “one is favoured and ‘that of the nega ing. one + 

viow EOy correlated pe enue 22 “many ig Chedeuoured respectively by a factor 


exp [nna FREE ] 
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and the rate of shear strain, consequently, is 
Dy, a Un |(%o@) : (11) 


. An estimation in general of the average ve'o- 
city cp of the exciton is much complicated to be 
made here. 
exciton gives up its energy gain fed by the ex- 
ternal force to the neighbouring crystallites in the 
form .of thé thermal. elastic wave as soon as it 


If wwe suppose, however, that the 


_. proceeds one period of displacement, we can ap- 
proximate c,, with its quasistatic mean value 


my SSE tal / i 
, fexp a ar. Sade apes =) dt 


ED pate (12) 


Refs Fig. 3. Schematic representation of the 
positive exciton (a) and the negative ex- 
5 citon (b), both of order 1. . 


“ae i ‘Substituting Eq. (10), with ¢ and ¢,, given by. 
"Eqs. AT) and (12), into Eq, D, we obtain 


neg ter ‘[n nb (ea) F 
y, = 21/5 PP id Oa at 
Dy = 2 ae ep | nt er 
re for the partial rate of shear are due to the 
’ exciton ‘7.’ 


The, total rate of shear strain D, then, is 


i ye conceivable order of the exciton, , that is 
’ Ree 
ous ne +e /n 
D=D,, = 28,14 rae AAS, 

ie rEexp| kT 
nBo (aca) F 
2kT' 


4 ; sinh (14) 


This general formula (14) can be written sub- 
Besatally as 


ae 4 
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< By i long’ as the condition 


tA Maa) > kT > Baga) (16) 


" the exception of the range near the critical point, — 


og | (13) 


_ given by summing up the quantities D,, over the | 


¢  D= Baa) F exp pear “dr, (15) 
' , correlated displacement of many erystallites, in 


~ 


is provided, as will be evidenced by the obdoniae 
tion of flow for normal liquid under sufficiently — 3 
weak applied force. i 
Equation (15), represents a proportional. rela-_ 4 
tion between the rate of shear strain .and the ~ 
applied force, that is the Newtonian behaviour of. 


the normal liquid under sufficiently weak external _ : 


force. The coefficient of-viscosity 7 is ; 3 
kD ent J 

; ic! -e | ; ' k 

> = hero ae > & 17 7 

Te BPP(a0a)v exp| “ir | aia 


an expression similar to that usually SH. for | 
the viscosity of liquid. ‘ ' 
The expression (17) on the :present theory,. 


however, has a peculiarity different from the usual 
ones, since the crystallite size in equilibrium A 
state is, as was already shown previously,” a 
function of the temperature. Yet the percentage 
variation of «, is neglegibly small compared with © 


that of 1/7 at ordinary temperature range with 


where a larger increase of 7 than usual can be 
expected owing to a marked increase of «, thereby. 
The estimated value of the activation energy 
(e.*+¢,*) is a few keal.' per mole, in the same : 
order as the experimental value, but that of the 
frequency factor kT/£ 32/*(a,a)*v} is of the order of 
10-*, too larger than the observed value. 

The establishment of the linear relation (15) 
between the rate of shear strain and the applied: 
force is founded on the supposition of conserva 
tion of the quasistatic equilibrium of the systeth, 
under external applied force. But it is restrained, ‘ 
as is evident in \its derivation process, by at least 
two factors; the approximation of. én by its. 
equilibrium value (12), and the satisfaction of the 
condition (16). In respect to the latter, it may 
be noted that the relative probability of the posi- | 
tive exciton of increasing order is ptokrestveien 
enhanced with an increase of the applied force. 
Whereas the correlated displacement of many 
adjacent crystallites has been utterly left out_ ot e! 
our consideration of normal liquid in natural s : 


it is indispensable to take into account nhetee a 


order, to characterize in strict the dynamical | pro- : 
perties of liquid under sufficiently large external 
force. In any case, it can be expected that the 


/ : ~ 


ee regard of the ae (a), (2), (19), (24), 


spctalitas ‘being ‘siperposed upon ie, 
Peeiarsach of the gene asus (SASS) obtain 


e* & (3/2)K+INKT, 


ect = (a¥/8ez,)(RT]K,)* 


_ Eq. (6) then bécomes pee aie f.* ay 


fa [CER)/farmmy acm 


a . 
"where the last ae ss estimated ae i 


Fis HOLTER eee es a ing appropriate values. as in section 2. Since 
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RSTO ty 2 ie ; - equilibrium size «, of the erystallite is ver. 


Non: Vibrationat Thermal Meéde® ‘in, the ordered state, the first excited sta 


ae and Plastic Flow of Solid. ee eee: iglautege to the exiton n= i, the positive 2 
most ‘approximate ‘to n*. This is the affirm 


es aoe 
In the case of solid ine quantities a, 6 and 


_ of the previous tacit su sition of repre 
cea Oe ic tiniaaeae to the ordered P ae eprese 


the non-vibrational thermal ' mode in solid 


independeut displacement of a single. erys Th 
, Next, the eeneral relation between | the 


of shear strain ‘and the applied force is 


Ae = exp [5 Ke, da 


= . ; the same with Kq. (14). for liquid and | so is 
equal to unity owing to the large value of fees by “is es — cai a 
Therefore, v we may charac: iit ae dah hie ss 2 sabe 
; Aik DH =23reen[— ME : . ; 
a eall Ms aft fat a ay ek Raat Br (aa)sF 
oe = Kiore.+ 7 ” paras eA9) cect Sh reer en eS ve 


a4 


oo Pas geet oor St eit . where the energies oe and <¢* are g en 
rh a = = 8,8; ce ae a 2 tas (20) m (26) and 7). Then it is transformed to 


<a ey D= vkT soo[—Sar raf (2) 
es are yet to he eee for the purpose Oty? us > a 

us in ‘the present representations, over, the p *. Fey sie nayas sP 
e- orientations of the: crystallite with the - : a BN eat _ 4K, : ¥ 


riate weight 1 ees ae [ao kT, al a whieh is eeentially equivalent to” 


ns ae 


ie -42 et =a Pg ek ‘ 
Ve" Fo ied »/ Ie 101 dio, (21) : Ee vk j aR 
| f EL gomaenT os = [ees geet Et) ee “4K, 


in regard of the large value of ae tA c 1 the 
in Eq. 2), when executed by the ease of the stressed solid. d 


a method me poles gives BES DW nen the argument of the exponential ‘ieee 


Kee)» h CnABLten?, a= sibs = a! K 8K Be - tion in (81) is positive, the correlated displacement 
; : of increasing number of adjacent erystallites i is to 


ees sh ={e8.8)!? = AP, gay: 


_ be realized predominantly. Whereas the Eqs. (26) : 


and (27) are derived on the supposition of an in- — ne 


yf 
Be.’ 


io “@A) _ dependent displacement of the constituent crystal- 


i> ane 


ty 


_ This fact means an vinadeqaaty 2 of 


a8 that the system is Ree in the thetmo- 


ical equilibrium state. It is to be. sepeicers 


nical as- Rell as the Shopiaal experience of 
agra as is evidenced in the pee such 
at 


ed on ‘these brief deliberations, 


ee 
Eq. 8). 


‘from tae true equilibrium state. 
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the argament B is positive and. sauce 
"in the Most desi of the applied forge 


Akiva OOKAWA: oS 


tes, he ery is -coneluded iheousiatant: with its ; 


observable rate of shear strain. The final relat 


Ae sen meted appears to obey the law 


cs Usa bs a 


eo) supposition of several valnes of order 
e/is an a@ priori constant 
ing the degree of deviation of a speci- 3 
It ges! 


ipa Racpasing: to. Ba, (86). 


; A PEE 


follows; 0 ae : 
Dea ph iets R) ers (CP) o) ak 
= (A/2{exp(—B+CF)—exp (—B 
The factors other than. ‘sinh’ in Eq. : (36) 
extraordinarily, small and so we require an ‘a 


cation of much larger external force to effect an ‘, 


(36), therefore, can not be simplified anym 
The solid in stressed state shows thus ‘a 
Newtonian, but plastic characters throughout 


most range of the applied force. | x 
The steady-state creep rate in several 


“aval 


Rate = = A exp ea) a i 


Sake 


where “the activation energy. fe is of order « f fa 
- Supposing f= =0. 15 ev, we Bh 
- “ B- = 28 5 ne Oa asd 


electron volt’). 


cording to Eq. (36) is aE dependent | ‘on 
crystallite size a.) Some results, calculated on. 


‘Table I. Th Be a ac of the S symailne 
aa and the constants me Cc a © in Eq, 


aa ua (em) | 5.52x 10-5 1.66 x 10-4 
aa A 1.64x10-* 1.82x10-8 
A | 9.83108 1.09108 
Cc. a “1x10-7 


ae ntradi and the So eres 


Fx 10-7 


pics METS. a 1 = 


0.4 | 2.78x10-". 
0.8 i: 6.12X10-9 


aay 


es 14x 10 


LS. t 1.02 10-8 
pee Mpa Laintoase y 
2.0, | 2.47x10-8— 
2.4") 3,71%10-8- 
2.8. | §.57x10-8. 1 
3.2 by (8.32 x10- > : 


ake tion between the excitons, hawerss should not 


ios das be neglegible with the increasing population of 
: "the excitons, the overlapping of the strain ‘fields 
as 3 well as the co ayn of the -intererystalline 


pm account bacsincatip, 
More extended: deliberations: on these 


inte oy Relation between the ‘rate of Nes 
train D of solid and the applied force F, 
oe ee to Eq. soon The nota- 


cussions. “Re is also obiigea to the 


~ Research Council, for the exoenditure of wk ¢ 


this study is executed. a Nea te 
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' La premiere est convenable a exprimer 


férence entre: la masse du neutron et. elle 


les deux secon suivantes, Se etae g Proton. 3 ieee 


électrique. : rE 
Pour déduire ces deux conehasens, on part a cr 


92 aa y Giiti IWATA. 


lexplication courte de la théorie du champ uni- 
» taire.() 
On ajoute la nouvelle variable \x° aux anciennes 
variables al, x?, 2°, x4 pour qu’on obtienne la trans- 


formation de jauge 


e% = a+ flr, a?) a8, 2%) 


outre que les transformations de coordonnées 


art = fr(c!, a2, 25, a), r=, 2, 3, 4. 


Ces transformations a cing dimensions sont 

la base de la théorie du champ unitaire. 
-. Nous supposons que tous Jes tenseurs ne con- 
» tiennent la variable x° que sous la forme de exp 
(Ax), ou la constante 4 est nommée Jindice pro- 
Un tenseur dont l’indice est 
Af) pour la 


jectif du tenseur. 


2, se multiplie par un facteur exp (— 


- éerire sous les formes différentielles 


; Og 
dz! = oe dx? = da + a aw 
: Oar = 
3 dar! = dx : 
ee B22 4=.0; 1, 28; 4; r=1,2, 3, 4. 


~ Ainsi un vecteur contrevariant Ap de Eacies 


AY = eae Art = Ar 


‘ia et un vecteur covariant Yo de l’indice 0 se trans- 
“forme suivant 


< 0 
%)' =%, 9%! = ough. 


~~ . 


Pour les transformations de coordonnéés, ils 


se ey Siodient suivant 


« ae? 
Be) Av = A Ari xr! As 
Ox 
v ; Oges 
Gy =o. Or = Our’? is 


ie ¢ ae que A® et ¢*sont invariants, Ar et ¢, passent 


pour des vecteurs de l’espace 4 quatre dimensions. 
ay “Si Pon regarde la transformation @’un tenseur 


_ covariant symétrique 7». ‘fle second ordre, dont _ 


 Vindice est nul, les 7,, ne sont que les composantes 


x un vecteur covariant. On peut done Poser que 


eh To =1, To =%, 


transformation précédente de jauge, qu’on peut _ 


, donnent les composantes contrevariantes 


4a (Vol. 4 


De ce tenséur 7p. on constitue un tenseur 


a 

- 

4 

covariant symétrique’ y : 
Z 4 
Tpo— Pp¥co = Goo | 


’ dont les composantes contenantes l’indice 0 n’ex-_ 


istent pas. Les g,; sont invariantes pour la trans- — 
formation de jauge, et se transforment pour les } 
transformations de coordonées suivant les: mémes” . 
lois que les composantes,d’un tenseur de l’espace 
a quatre dimensions. ; 

L’on peut done considérer les ¢, comme les 
composantes des potentiels électromagnétiques, g,s 
“comme celles des potentiels de la gravitation. En 
définissant’ la métrique de l’espace cing’ dimen: 


sions par ]’équation 


ie Tod? dare 


on peut établir Ja théorie du champ unitaire. Lés 
composantes covariantes rf 
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Si l’on. définit les moments d’une particule de 
la masse m par |’équation 
pre wanng ea 
. Oe eet 
on a 
TPM Do = M*._ 


De la méme maniére que dans. la théorie dela _ 
relativité générale, on définit. que la passe d’une 4 
particule soit la géodésique caractérisée ad le Bie i 
cipe de variation . 
dSmde = 0 ha 

- Aprés un ealeul fort court, on en déduit ques ; 

a VN ee 

a rd ee 

C’est que: la premiére composante Po des moments 
dune particule est constante le long de la passe. — 
Le principe de variation donne les équations” de 


mouvement dun particule chargée électriquement 2 


-premiére cohipaeante: des moments soit. < 
hs 99, aa ae Spun) an a ee sskeetridue, on: peut alors écrire: - 
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re 2 és Ob CF} oF haat Bi ae mm mes DE 
a i a % Cus = Bas ee mt Es “as ; rg € 0 
SS egal Meee 2 ae, aac inl ds” 
ae semble que ces ‘équations nous “permet . do 


‘identifier “Po pour la charge électrique de 
e particule. ‘Mais la distance pence 


masse. En ‘supposant ae le SUA Aoi soit le n utro 1 


eae 5 


ds’ = = relat : 


eae Ht 
Si cette relation s sapplique aux cas. ee 


is hy 
_ existe, aurait environ “ane” vingtiéme mas 


it 


Een tte dx? ontet ay shies 
ds? ae ds m ds ae Sah 
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Pour an on arrive a ila deuxiéme conelu mn, | on 


Si csoicant des ean Equations on peut con- | 


ure’ a aux deux maniéres Paes : Acre) 


‘place les moments Be Ly aah les opérateurs 
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“Poisque , 


Rare hian a eing: dimensions. 
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d’autre part, 
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patton NG puis, pour la ‘transformation de 
la fonction d’onde se ‘multiplie par un facte rr 
oe 


z exp(—éef/h), dont le module est 1. Cette trans 
_ formation de jauge s -appelle la transformation c 


la premiére espéce. L’introduction de la variable 


5 
x éclaircit la liaison de cette transformation - avec 


celles des potentiels ‘électromagnétiques. 


au ‘ddsens ta 

I serait environ 10- 126 em. . 

pas observée jusqu’a present. 

trés doutée par les physiciens. Parce que cette 
able est conjuguée a la charge électrique, qu’ ’on 
serve is ci tous les’ Mente et mee com valeur de el 


qu’elle existe. Foe : a * 
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oS This thermal hysteresis in pure. is consigered, to be as shown i in Fig. 


{ bes ot aie behave similarly to pure iron, 
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prevented even = Wick an extremely slow 
_ In this respect the hysteresis(®) in Fe-Ni_ 
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; eversible Iron-Nickel Alloys. 


in the silica. tube furnace. In order to protect. 
the specimen from oxidation at high temperature, 


the silica tube furnace was connected toa vacuum: 
pump, and the furnace was inserted in a magne 
tizing coil provided — with a water-jacket, inside _ 


which a constant magnetic field Hex = 190 Oersteds. 
was given. a 


By the use of such arrangements, vosenelt : 


zation - at various - constant . temperatures 

measured as a function of time. The results ob ’ . 
ined are described below, and for . convenience Se 

alloys with lower nickel content are first expla 


in this section. 
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1 i = +7 
Time in hr. » 


it rs alloys ax are Path at various: Ener 


s for fone. periods of time instead of home heated 


T-Magnetization 
Isothermic change of I’; ot 
$--- (Heating) ject ~Besjr mas 

3. (Cooling) 


5 Ni . 


“300 400500 


100 200 
r io Big. 2, 


+ Bs 


Soepecimnontal Results (a) 


7 In the Present investigation, the wetane of ee 
in Fe-Ni. alloys was etpninat 


a following manner. 


a 


‘The specimen jin the sap of a bar was placed 
a siliea tube, round which a Piadane, ¥ wire was 


100 - 200 228 400/500. 600 700 ‘800% 


ne wires. which were placed 7 Fig. 3. 


Ke : enantee* The same abnormal 
of higher ‘nickel content. Es 
_ The most important result i in this secti 


the transformation 7— «+7 on cooling is ext 
mely difficult to ers in the region (a+7), while 
the transformation ‘a+a+7 on heating proceeds 


easily in the same gets. 


avee oe Cait ag 
) 3. Considecatiotit ‘of ‘the: Gaunt of | 
_ Hysteresis. Lions ese ee q 
According to the principles of thermodynamics, 4 

the free energy of coexistent state of « Cand + phases 


is represented by a. common tangent | as” shown in é 


e : transformation point charaeteristic Of Fig. 5, and the. ane of batigeney give, concentr ra- 
oneentration. Thus the renin (+7) of ot 


the end point of such transformation 


continyes to do's so with falling’ cone 
3 se ms apr: rently two-phase-transforma- 
> —— ig 2 


rr! in: 


ae 


which of rT 7! and eas curves: in ‘Fig. 5 
form of the t curve, is. out. of the questio 
as a common tangent is fixed. As as 
hysteresis Stained! in the aboses manner ~ fact,- however, the a and x -eurves “must | 
ed with et guise by See and _ certain forms. 
cae 
- 2% Ni alloy), where the fatter pate is 
; broken lines. It is noted that the trans- 
hed on cooling begins at identical 


nearer to the r curve than to ei 
Consequently in the space composed 
energy), erste wee and Ciscoe 


sifidh is seen in Fig. 4 when the specimen 
d from 400°; but this abnormality cannot 
; gmen the hee eae x done by a 


owe eo. MEADE Soa: Ih O wry 


es diagram “(Figs 2). Conbequestly any alloy, 
the temperature and concentration of iwhich is 


This ‘figure tells us that ~the transformation ‘situated within the shaded region in the 


>a +r on mapeling | is pee ney difficult to PRQUSEG A ~ eannot be in the state of two-phase- equil 


4 


aE ‘between the 2 and ee curve is so 


that it is overcome by the ‘increase ‘of special alloys, a section of the FTC-space b ala 
a 


urfoce eneray od nuclear formation (cf R. or = constant (higher nickel content) bein, 


Fig. 8, where x signs on the curve 6 (a+7) 


ice the s hysteria as first desea, ‘becomes 
? marked with. fetes increasing, penton’: of 


em 


¥ 4 aki 


temperature 1 in. the Berets Cons Lhe: 


As the. concentration of nickel inéreases further- temperatures but this. is Pose ‘the case, 


Neges” the Pgsciotmation: a caer: ‘on. ce 

co . the t and 4 r) sae somes takes place only at the time when it is heate 
ose its” physical meaning, that ie, 4 the («-+7) ‘beyond the constant temperature Tx,’ which should 
s melts into the r surface. - ‘Then there be characteristic of the hysteresis in alloys - with 
be a critical concentration Cr, above which higher nickel: content. ; ; 


ble a phase only. can ‘exist. K _».__ .. Theabove theoretical deduction will be compared. 
4 ‘hus bib. has been, found that a tence line ; with the experimental results: in the following | 


‘drawn at the concentration Cx int the _.. Sections ~ 


“joo 20 
a 


Time ints 
1 a ee i 
— g= 100° 
.  §—= 50° 
ea 
© 1O1S.5 b: 


ice 
f y 


ll about 400° is reached, and from the | 
ure ‘the transformation « + aT abruptly 


cae is a remarkable fact that” each 


ot ‘ifferent cont 
in these figures. 


e phase by remains meaeent ls till its. Intiine: tra e : 
formation point is attained, where the transforma- | 
tion *+—« begins. For example, the lattice 
transformation rs is observed in 20 and 25: 
Ni alloys, as shown in Figs. 9-10, but it cann: 
be observed in 3024 Ni alloy (Fig. 11. Doi where 
curve of the ferromagnetic P phase only. appear 


This Sy is reversible with Pst to the ve 


tion r > « of this alloy, gecoxs whee it is imm 
t, Crank trait 


in liquid air. et 
The above ibid tell us that there exists 


in the eibiinde sation: fig. 7 7 he as gels as | 
bordering line of the region Tx = about, 400°. y 
; The phase ‘disgram_ constructed ” from. 


and the lower boundary is composed of ee 7} tz 


‘where the magnetization of a ‘Phase’ 


It is seen that the lower botndary 


a tenia t in the diagram, This a 


Ae eee 


difficult, eke of pare, Rae ais 


° oe AG represent this ‘relation, Rs 


3 Riniting Ale as. is ; shaded, as shows in lg aN 

y The shaded region is to apread into contact 
th ‘the upper boundary of the diagram, as seen 
ig. 1; but this is not so, . because ‘alloys con- 
ning more than about 352 Ni, - 
lower boundary ine Fig. 12° passes through ~' 
DSO ute zero, ‘cannot be cooled beyond the tempera-— 


aaa in’ Fig. 8, below which the a Dips eee 


just at which | 


1 
* 


- ff 
Cg ae, 


i Ni, ‘there Spears a ‘temperature range, ‘in niwhich 
on the transformation a —> att cannot proceed, 


os speak of the transformation T+ a+7. And 


whet the concentration increases beyond 35% Ni, ® 


_ to that of the coexistent tate of the two > Bee 


. surface in the~ FTC-space, ‘that is ] 


ay IS. Marsh : 


on 8.) 9 PAD, Meee 5. 


\ 


the remarkable hysteresis disappears ; irreversible 


alloys pass into reversible ones. 


Ae in the region («+7) is very near in. val e 2 


such relation betweeen ce energies as al 


: described. iey 


assumption. As a matter of fact, simila t es 


of the region (4+ rT) are seen in the iro 


’ the diagrams of Fe-Mn alloys, FePt 


and the» remarkable hysteresis i 


_ induced i in these alloys as well. an an 
oe Bec. 


‘The present investigation was done t oughont 
ick the kind guldanee o of Prof. K. Honda, t whor 


Shenae thanks. 


References. 


The ‘Alloys of Tron an 
11988), 8250 ae 
(2) E. Scheil: — Archiv f. di; 
9 (1935-1936), IGS Line 
Metals’ Bandlioole 
Nippon ces ; 


(4) S: Takeuti: 
6 (1942), 361, 497 Ae 
(5) R. Becker: Ann. d. Phys., 32 (1938), 
(6). T. Ishiwara : e Sci. Repta, Tons 
19 (1980), 509 Bede 
M. Hansen : ‘Der Aufbau der Zweisto ier 
angen, (1936), 721 


On lie: Physical Cleaning OF Sartises: i asics of ; Gliding 
Re pe ‘Sparks | on bye pas Sat Glass Surfaces. . 


‘ 


‘By Koreo KINOSITA, Mitao SuMI, and Takasi OwaKt. 


Department of Applied Praetba, Faculty of Bp iabonige 
University of Nagoya. 


(Read, March 29, 1948; Received, June 9, 1948). 


on spectra of the gliding sparks on glass interferance colors momentarily. ‘The former ty pe eo 


of condensation is called. pas, “« white’ 77, ~ and the 


‘a hot faa Aes or @ wits 
= member (23852) of the C,. gliding arene Os inserting the specie 


aa bands. ROR: the contrary, 


surface with low speed electrons'#', et am 

cally these were found in the course of stu 

breath figures. The third. method. above mentioned 4 
‘is now ‘in general use as a preliminary treat heats 
for glass surfaces to be coated by: vacuum ‘eval } 
tion technique ; nevertheless, the mechanism 
‘these physical cleaning procedures. is — not 
clear. Strong suggests that electronie or 
bombardment plays the. role, “whereas Tanner» oS 
‘Lockhart who describe the ew. disebarge cl 


Se aaa asateats scinerutbe that 
on. molecules S g- those apt f fatty 


ie surface but decomposed there- 


} 
{< 


ip out any convineing pace © A more 
study seems to be pectiecy ed et 


of ‘the most’ remarkable foatives of tho- 

ee eet surfaces of eins ‘and other Sore 

'g 2. Experimental. 
hown by the ‘breath figures. "(), it one 

me on 3 “surface ; of glass, the moisture 


Physical Cleaning of Surfaces. I. 31 


lefdle-to-plate 


Spectrograph 
rectifier | | 
= ; 
cal 
° 
oO 
8 Glass 
3 plate 
3 
Le) 
s 
va == = 
Leiden jar 
(a) \ 


yGlass plate, 
shifted for 
each shot 


- Copper electrode 
(fixed) 


(bd) 
HigheL 


he essential difficulty in getting a spectro- 
of gliding sparks on a contamination film 
that one spark shot is too feeble for photo- 
g and yet the contamination is removed 
$ very shot; the subsequent sparks run only 
cleaned-up track. This we overcame by 
g@ the glass plate slightly for each shot, as 
ted in Fig. 1. The light of thousands of 
on a contamination film could thus be ac- 
ited on a single spectrogram. For brevity, 
] the spectrogram taken in this way, which 
cted to show some peculiar features char- 
tic to the contamination film, the S-spectro- 
and the one photographed without shifting 
ss plate (sparks on the breath figure produc- 
the first shot) the F-spectrogram. 


and F-spectrograms were taken, mainly with 
1 glass prism spectrograph,* of the sparks 
following specimens: 7. e., ordinary glass 
thoroughly washed and then coated with 
in films of grease, paraffine, soap, or h man 
the same kind of plates washed with soapy 
. and the ones washed carefully with chromic 


austic soda, and distilled water. 


Shimadzu Wavelength Spectrometer. 


§ 3. Results. 


S-spectrograms of the sparks on contaminated 
glass surfaces are characterized by the presence 
of the 0-0, 1-1, 2-2 and 3-3 members of the CN 
violet bands (4A3883, 8871, 3862 and 3855) and the 
0-0 member (48852) of the C, Deslendres-D’ Azambuja 
bands. Cf. Photo. 1. The response is so sensitive 
as ean be recognized in the case of samples washed 
carefully with hot soapy water which are all but 
clean and show nearly ‘‘ black ’’ condensation. (The 
extraordinary sensitivity of the breath figure res- 
ponse for the cleanliness of suafaces is well known.) 

F-spectrograms of the same samples completely 
lack the CN and C, bands and in the main are 
similar to the ordinary spark in the air. So are 
the S- and F-spectrograms for specimens thoroughly 
cleaned by chemical procedures. 


Spectra of Gliding Sparks 
on Paraffine-coated Glass Plate. 


Photo.1. 
Photo. 1. 


Other lines to be noticed are Na 245893 and 
Ca 42 4227, 3969, 3934. Details of the observations 
are summarized in Table I. 

The appearance of Na D-lines in the case of 
grease coated glass, Na and Ca lines in the case 
of soap- and sweat-coated specimens is quite natural 
so far as S-spectrograms are concerned. But rather 
marked intensity of D-lines in the F-spectrograms 


for these specimens calls our attention. Whether 
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Table I. 


S and F denote “shifted spark ’’ spectogram 
and ‘‘fixed spark’’ spectoram resp- 


CN Na Ca 
223883, 8871, 3862 ; 
and 8855 bands. D-lines 
C, < 
43852 band. 25893 24227 213969, 39 
Ordinary ee spark absent (trace) absent absent 
in the air 
; Sr rather . faint 
Gliding spark on s distinct intehse paste “ 
grease-coated glass F ahaont distinct indistin- 3 trace 
sen guishable 
Gliding te Ss distinct present trace trace 
iding spa eres. 
tin- , 
parffine-coated glass F absent present gaishable* faint 
Fgige ae very isti distinct 
Gliding spark on S distinet intense ua istin 
soap-coated glass F absent | intense absent** trace 
wee : rather Pare 
Gliding spark on 7 agate mene _ distinct peat 
sweat-coated glass F absent intense absent** trace 
resent trace faint 
Gliding spark on glass wash- 5 Present P 
ed with soapy water F aceite distinct trace faint 
| esent trace faint 
Gliding sparks on chemi- - abeent | Bes a av 
cally cleaned glass F absent distinet trace faint 4 
* Because of the broadening of the neighboring air lines. 
** Presumably because of under-exposure. 
this is due to the fact that these lines are very a 
readily excited, or it is because Na atoms have the D 
tendency to adhere to the glass surface and cannot oa 


be removed even when hydro-carbons are complete- 


—- Upper edge of . 
the glass platt 


ly cleaned up, is not yet clear. The existence of 
Na and Ca lines in the sparks on clean glasses is 


believed to be due i the destruction, especially at Photo.2. Ca Atoms Look Like to: 
the edge, of glass itself. Jump Up and Emit the Light. 


Too much stress must not be layed. however, Photo. 2. 
upon the intensity descriptions in Tab. I. Quanti- 
tative results can hardly be expected owing to the § 4. Discussion. 
fluctuations of the intensity of the sparks. Quite 


There is conclusive evidence that perfe' 


dense distribution of numerous air lines is another clean surfaces of glass and other materials sl 


hindrance. Some inconsistencies in Table I may the ‘“black’”’ 
originate in these points. 


condensation. As to whether 
converse holds, however, some workers seem t 

It is to be mentioned, in addition, that Ca rather suspicious: they point out that the elec 
atoms look like to jump up from the glass surface 
and emit the light, as judged from the spectro- 
grams. This can be seen in Photo. 2. 


charge remaining on the surface after the elk 
ing process may play a part in the increase 
wettability, and do not agree to regard the bl 


4 


‘ 


eration on 6s a sufficient Sone for fetect clean- 

SS. In fact, the role. of the remaining charge 
nay not. be. trivial, although it ‘is a matter of 
es whether it could be the cause of the poe 


arbons, probably some fatty acid molecules stand- 


iz perpendicularly on the surface. 
me backing of electron diffraction data’). The 
appearance of the CN and C, bands in the S-spectro- 
gr m of the sparks on artificially and naturally 
: ntaminated glass surfaces indicates that. these 
‘hydrocarbon molecules are decomposed to pieces; 
“free _earbon atoms produced in this way “combine 
with activated nitrogen of atmospheric origin. to 
form. CN molecules.. This is not striking if one 
“considers ‘together numerous, spectroscopic) and 
1ass-spectroscopic(”) data on the decomposition 
of hydrocarbon | molecules in’ gaseous state by 
eans of electric discharge or electron inpact. 


e s in our ease.* fs 


ae * The electron epaed data show that ereon 
“energy of considerable magntitude, say > 100V, 
is necessary to obtain a detectable quantity of C+ 


/ lower (several volts) ; some shemnicat reactions may 
ke place in the present ease which, e. g. through 


This view has — 


ba quantitative examination of. Me data suggests ; 


C,+* ions as a dissociation product of hydro-earbon © 
peciles, whereas the energy of the greater part 


ee facilitate the toe anaes Fur- 


_ F-speetrogram might be regarded as’ a proof of 
~ the Yemoval of the hydro-carbon contamination 


ih 


(2) J. Aitken: 


(10) See, e.g.,.T. Kambara: 


~ The absence of the CN and C, bands in the | 


from thé track of sparks. 


2 Thus we are inclined to Strong’s ideas (cf. § 1). ioe 
More detailed investigations are néeded, however i a 
for instance, evaporation by local heating due ‘to = oul 
ionic bombardment would have to be taken into — 


account. The influence of surface charge com- 3 


Plicates the situations further. it 


The sensitivity of the shifting. spark. seth Aas 


developed here may be worthy of note. Applica 


tions in spectral microanalysis. are suggested. Fur-. 
a, ; ? tS 3; 
ther studies along this line are desirable. 
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to Prof. T. Suga for his interests and valuable e 
advices throughout the work, and to Prof. Ke 
gia for spain the enierney nS work efel 


the Scientific Research Expenditure of the Depatt: 


ment of Education. 5 ae 
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, 


‘the object of study we take a gas which 
ed for simplicity to be constructed of 
les of a ‘single kind. 


ject. of thermodynamics or statistical 


s, this gas has properties which satisfy 

el tion - of ‘state of the perfect gas with 
a - But not 
ia Grenbete towards equilibrium ‘is 


in thermal 


static ‘nor reversible and the state is 


Therefore;- exclud- 


ase 2 of ‘monatomic molecules, the results ; 


d ; we intend to know the Beat 
‘irreversible phenomena or to approach 


. 


oe Kinds of Variables of a 


ip eee a gas, ve we consider dynamical 


les of the gas. For convenience we now 


‘ oduee following notations : dee 


3 the energy per unit volume, o 

5 the mass passing through an element of 
sutface vertical to the axis i per unit area 
_ per unit. me, 


- 


In thermal equilibrium, 


an element of. surface per unit 4 a) 
unit time, pee ey 
‘[(Ek; the energy passing through an 
of surface per unit area’ per. uw 
where i and & are the three orthogonal 2 
«, Y, % and (Ms is identical wit [mk - ees 


If we take a, B, Tu », eat the si 
ters, these six are expressed a ‘as follows : : 


: (B) = (B+, 


ae 
/ - 


(E!) = phe tu bw seo, © 
[m= (M)., e 


ie 55 See ae 
ee = = by? +P a 


tLe a eee er” 


+ ee Jer a oe 


Wee The equation corres 


state in equ ‘brian is 


as "ee temperature whieh has: a 
only in e ,uilibrium. From t ck 


Sees ae 
(BN) = 5 Hue oF 4 w) (14-608) 
+ Oi f Ett} + 08 {e,0/t} +0w{e,70/t} 


+ bewT +5 Pleslt} 


1 (0%, 08 Om 
ne ee pane te) 
Tp \ cea ral r — av ' 
(E ) = OCurE (1+ {e5/t})—e,0Cr-7 de’ 
as si ae in eu eae state. In this. | [m); = (i), 
on, we ean use eengeptions of Sibel (M}.. = = p+ sera /t}): 
oS 
\ 3 
e 
SRey see 188 oa) 
(Day = BiH Eel) 5 .( 2.20) 


+ piife,d]t} + Poteet}, eas _ete., = 


(Ee = BHM La 
| BY. = parse +e) [aa feet] 
: : soatofeso)t) — BE i 

ccs ne goa ten (re : 
; eaten 2 ea : 


3 Medley 0 ey 1—s sae 


nal 


Ou au. Ow 


Ox + ay a +oi0, 


a2 


ne “rotational ‘and “vibratory ‘Motions, 


E, = ite +b Her? ( aa €; ra) : 


2 : 
— —— 06 were 


ene voluine,.2 e for leethahtsa Speed oe ; WG are 


cp Pe TEI ee 


ha 


ar om Cee ae where the ses f— is ea to 


ie 


n a2 


¢ KP mye hy ty = 1,23, : 7s 


all oo} E2v+ 3 
Dies v3) See yaé, 


08) = Seap(—2) + 28 af cxp(—n “i, 
2S eV 2kFm, 


ae a aay 
ee ae Site 2KT* dt \ > . > 2 
Eine ; a dag Now 6, p, T, u, %, w and Gu are arlificiel, 


mage = ld eo eo) S = and their values are left to our selection. We 


; take from the first’the molecular distribution full r 
Ere ete, ¥ : " near ‘that of fhe natural state of which the devia- 
- tion from equilibrium is assumed to be not large. 
; Now let tis attempt to make (m), MO ag ete. 
a,ete,, ; A get equal to (m), (M), are. etc. making use of arbi- ri: 5 


' trariness permitted. In this attempt, the. ‘terms = ae 
constructed of differential - coefficients Being of —. - 


Sa 


small values, the alterations caused in them by = 


NS 


Pbitrari es es Valuts of p, P us ews etc. are 


ar 


18 


ER 
"18. Poors 


5 Oe : eet 
Op = — Cro? + Coles 
v vlyo 0 t-9 eat Se : 


7 ee 3 = 


Yucty 


= (M). =[m]. = [m],, suitablly selecting w- 
ae = (”), suitablly selecting ¢v. That 


not citable: in 1 this" case- pat eB ake 
(8) [EB ]e= LE}, *. a ete.; are these sati 
‘There is toe er ae pins at. our bers 


Me saevly SDS oe Ps Brat satisfied Peers bah foreigcing! Goins 
ove rep From (2.1) and the foregoing verificat ns, 


becomes as follows: — _ ne 1. AO 
aE WE) Fo 


bem, 
on 


. HAL —Puterge a 
2 


= a3 HAR The examination is as ¥ F < 
Pa pr " “8 of the wae in the bracket in ‘the right sid 
: : first is the: energy convected, o i 
‘second, third and fourth terms 


at 


|. py stress. The last terms. naib, 5 
Ti “value of the first order, and ‘the efror in 
small one of ane order. Thus pied 
ae eee pleas 
: . Similarly Le vt 
eg Ege Pe ihe age Lo Gee ee ew bs 
S ps = zt a : i ae ‘ 
; 3 ‘Further, between # a, D, ae %, shore 
tion analogous to the Bo a of state 
brium: Namely Ste 


From oa 


gone 2 ai = £e0 1) 


§ 


* oe ts Ms of %, y, z,-t: That ‘is to’ say, ‘the’ ‘Six 
‘be eS variables are determined by the sex equations. — As . 
vs of: Conservation (The a matter of course, the values of the six must be 
10Ns: of Motion). ; =. Fore ame given on the boundary. In other words ,'they mu. 
ae momentum and energy kes be’ ‘con be measured experimentally. Concerning Co 
can not. say Seas : ; 


N 


b ‘Fespect t to masa) 2 Rete Mn \ § 4. The Bopadury Conditions. 2 


inks. “atntl atm , a <a ; re ee aie 
aioe ae a am gy Hp Lse(S, 8) on the poe etas: that the field of "gas extends 


consider the existence of valle On a ear he 


9 aa, _ x aM at My al Me ; : am pore are thought to reflect a random 
as a i Oy E “i 


ie 
ey wall into account, we may imagine ih inner — 


3 a) “aE. aE. _ OE}. ae ee region of the _wall as replaced: by. Hy 


2 = . . = 3,3 P 
= ae no Ox is Bt: SOZhi = ‘ ») : Ales of gas. ce on. the boundary. surfac 


sof f D, ‘Sie 6. yt tee a fey. cients of the variables of state vanish all ov 
y : i _ replaced field. The values thus caleulated 


au) Gu) _a(Gw) “ gseat eontain a ‘parameter, ! ich is. the Teng 
8x. ms eee ane F “x cP ait) 


the outer direction from the wall; 


ua ay ah oe ee ret bie Bn a Re 


5 : Phe Nee: Fades ses ee al mean. ee 
in —alhe3 a 3 slate) a vad me 5 ; Hee m ae 
; Ore 1 where (a) is decided after the ‘equat on. 
—Rfrnw$ GEG) a. Fs man : 


"valid near the wall. As it is improbable “ 


es should take a discontinuous or singular va 


Eni tebe taking A minute we may put © 


aes yin ae 
cis 8 oe ipa Pores | ; ri , ~ i Xy=A—XAr=-9 = 0, 


= 7 U aia 307 Bs : ‘From this discussion, as the yalues on a wall we 
‘, = oi iy : j “ ' : > “Oy se 
A can take the values near. a wall (near but SO far 


wee 
ra 


~ 


oa equation. of energy. In this. equation we see’ as the influence of 7.on the equation may be 
e- ‘term ¢ Ug ‘has. no analogue in usual text ~ . neglected). In other words, we can take the Ms 


i If we ee omit | Gut (the case of mona- equations introduced” in the foregoing paragraph c : 
as), by solving these five equations and (2.3),. |. valid all over the field, and as the bouridary con- 
e six variables 2, DP, ine U, V, UW as - ditions we adopt the values experienced on the eee 
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surface of the wall. Thus as the boundary condi- 


tions on a wall, we may take as follows: — 


1) wu, v, w are zero, 


2) 7 is the temperature of the wall, 
d - oe 5ou 2 (2 an 
8)" Pin = Pg 8G TG ae ay | 
Ow 1 ~/dv Ou 
+3)? px = eee Part ay!’ etc | (4,1) 


“A) 6 ab an 


experimental meéthods. 


is the stress (tensor), 


a ete. > 
a 


is the flow of energy. 


Thus we have seen that all the variables in 


the equations of §3 are measured only on walls by 


In the field of a gas we 
must abandon our aim to measure those parame- 


~ ters experimentally ; we know only the equations. 


On the Measurement of States. » 


$5. 


In equilibrium we may consider without bréa: k- 


; ‘ing generality the system stays still in all, so (M) . 


ee namely ?, ~, and 7. 


ot 


“in (1.2) becomes zero. 


In consequence wu, v, w are 
zero and there remain only three parameters, 


Moreover, the differential 


‘coefficients concerning «x, Y> 2 and ¢ vanish: In 
_ this case we See that F 

(m) =e 6, ' (5,1) 

(BE) = Oew+ern)F, (5,2) 

[M]ix =P (5,8) 


Thus the three quantities (m), (EZ) and [M];; 


Toyoki Koca. 


(Vol. & 


correspond respectively to the taree parameters. | 
6, p and 7. 

A group of moleculés reflecting from a sdrface 
of a solid body obey Maxwell’s law of distribution - 
corresponding to the temperature ofthe body. In — 


equilibrium, therefore, choosing the temperature of 


distribution of the molecules of a gas does not 
follow Maxwell’s law. - Nevertheless the reflecting: 
molecules obey the aw corresponding to the tem- 


perature of the surface. Thus the measurement. 


becomes difficult. We know only the six equations. 
in §3 and conditions on walls as stated in §4. 
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_ Introduction. : 


‘e Although many excellent Sen crunecis have 


: chanism of discharge, in Geiger-Mlliier Counters. 
The authors carried out a series of. experiments 
on the thema in 1943, the results of which are 
summarized briefly in the followings. 


_ the motion and quantity of the fositive ions, spread-— 


. speed of the discharge along the central wire and 


My the | -time-distribution | of the so-called. Nachent- 


; ladungen were observed by making use of a 
ithode-ray oscillograph.” ‘The counters were usual- 
: filled with: argon-alcohol gas mixture to the 
‘ee of about 10-em Hg. 


§ 2. -Oscilloscopie Gieration of the 
Motion of the Positive Ion Sheath. 


e constructed and the electric pulses from a 


Clwngsten, 0:1 mm dia. = 2/3) t 
e | 
ls 10: 76M, C= ll5cm, h=160m, [2 =225¢M 


ae re a ene ae 


suitable amplifier. To. fascillitate the 
ats observation of the pulse form, a suit- 
in es cireuit ig 2,) was devised 


: The Motion and Quantity of Positive Ions, 


By Hiroo Kumacal, Koichi SHIMODA, Iwao OGAWA, 
Yasuo oo and Teisuke KODAMA: 


Institute of Sepice and Technology, University of Tokyo. 


(Received, June 28, 1948). 


been performed by several workers, there remain - 
mi: ny uncertain and obscure points on the me- 


Especially, PROCESS, the cathode potential of the Vay reteon ee Be 


_ Double-grid counters as illustrated in Fig. 1 


An amplified voltage pulse at the input ‘terminal 
causes the discharge of a thyratron tube, immediate- 
ly followed by the charge-up process of the parallel 
capacitor C, through R, with the time constant 
CR, , which was ordinarily about 2x10-3 sec. The 
potential at the cathode is applied to the on R. 0. 


sweep-plate. At the beginning of the charge-up 


Amplified 
» voltage pulse ~ 


Fig. 2. ae 
Trigger sweep circuit. 
C,: 0.01 2F - 
Cz: 0.02 uF ° pe 
Ry: 20» K2, “40 KO. 2 = 
100 K2, 200 KO, ) | 
400 K2Q.- Seana 
R,: 100 Kee 


EE: Grid-bias Supply. 


suffigiently higher than the grid, so that ‘the tee Be 
sweep once initiated is not. disturbed by the closely a 
succeeding pulses. The cathode potential decreases 
purely exponentially except for the first 10-4 sec, 
Now ‘it has been generally accepted that the 
large quantity of positive ions produced near the 
central wire of a counter. during the growth of i 
the discharge form a concentic byHtee around a 


-- = 2 eas} 


* Sidi performed in 1943 at the physiogs 
Department, Faculty of Science, University. of — 


_ Tokyo, and published in Ref. (1), (2), (8), (4). 


40 | Hiroo Kumacal, Koichi SHimopa, ete. 


_ the wire (‘ positive ion sheath’) and expand towards 
the cathode wall. According to this view, the 
potential variation of the outer grid or the wall 


must become suddenly pronounced when the sheath 


passes the nearest grid. In fact we have observed 


, a series of characteristic figures on the oscillo- 


graphic screen (as shown in Fig. 8) when we have 


(A) 


( G) = 
0 “a vf 


Fig. 3. 


taken signals from the anode wire A, inner grid 
; G,, outer grid G, and the cathode wall C. The 
_ time th, te, and JT indicated in Fig. 4, should cor- 
~ respond to the transit time of the sheath through 
0°G,, G,and C (arrival) perpscuitely: 

ee 

§3. Some: Calculation on the -Putse 

Form of the Wall (or Grid) Potential. 

- ™. Let us denote the charge per unit length on 
_ the central wire before the discharge by Q,, the 
charge on the wire after the discharge by Q, the 
ion quantity per unit length ‘by qd and the radius 
i of the thin ion sheath by r;. Then, so long as 

the ion sheath moves inside G, : the voltage U, on 
G is given by . 
sei = \ 1208 ap = 


an 


(ar (:2@e, ay 


- Small differences of the wire and the grid potential 


due to the resistances R and R, (see Fig. 5) are 
here neglected $0 the first approximation. After 


i 


ae eee er gn 


a aoa 


proiray he pet 


7 ts here Marre lb 


ee ee 


, 
Pins Hane aetgee 1 eninge: nt 8S ek 


; Fig. 4. 


inteureniiee P e 
U; = i = 2 24 log (r/r), (2) 
or ; G 
Q = ¢,U,—2c,q log (11/75), . (3) 
where ; 


ey = 2)og (ri/ra). 


Therefore, Q and q (charge on G;) vary with time 
as the ions move towards the grid, and the induced - 
potential difference | on the wire and the grid are 


given by isi 


‘at — = = Rerglit, -e 


and 


i tt te counter length) 


3 a Sate ise # ty 


of Areon and aleohol vapor. The results are sho 


and for alcohol sigue: are both in fair agreeme 


with ae widely Bseqepted’ data. The decreasi ng 


74. S Beslindtioni of Scie. Mobilities of : 
the. Positive Ions. ° ae : with ae alone show a unstable > count 


pea Using the observed transit. time ty or ty , we 
estimate the ‘mobility k ef the positive ions 


ae b the dischar (ey rocess. B: definition, 
% aes y : character of’ the aleohol-filled counter | 


Sa ce die oe in % i ‘ . | (4) eben By the cpa oe e ‘ke. 


Bry ay es irs see a en a ae se Deadtime of a Counter. 


ae S ae velocity of the i ons When we> sneer ve the aie pulses 


ai 7 standard a Setar) pressure 
p: pressure in the gounter ; 


is tte electric field strength ors to other 
&: charges than 9) and is ‘given by 8 ; 


a primary one, and that the eve, just 


Q. { Eine 2 log (ri/ = fr are relatively small and fiuctuating in “size. 


=H ~4: 
r Viewer. log (71/7 * 
Shee pes c . BE hake : . a Set ei size become ordinary after about 10- 3 sec. 


means fhat there exists certain = Geeta t cha 


~ acteristic of each counter., 


he U; 2 oa 


eee chee 
= oer) one ee ef ae 


: : sO ove ee Ee 10x10 %c¢¢. eo 

Yoe Sate ay pegs s . Pie : , TIME : .. ee 
om 2 log (alte) Prien files oe , Fig. 6.- 
= ie : see hy . i tet ” Fim SS a ee aan Ses Saran Thy ae ae aT 
: ; * Such naturis have been Sean y photograph- 


| Similar formula ean ed afterwards by O. Minakawa’®) and by C. 0. 


“ia Bhs : peewee and H. Friedman. (6 


circuit can Ai SS saplored i in. . the ee 
‘the time distribution of the ‘‘ Nachent- 
Fig. 7 shows an example of N. E. 
bution in the case of a gridless counter. “It 


at the threshold voltage, namely 


Q= = Q = Ue. 


Sabetteae at this value in (8); we = et 5s 


us = 2g: log (rdra), : 
; Further, eye (4) and (5) in $4, 
; = ee 
0G ie (rer) * 
and : 


i) REL We Te AMS TADS 1 


Se ere es oa ; 
BS 
C ‘ 
\ 


4g no u (expetimentally).. 


Therefore, combining @), ®) and Or Te “re 


log (refra)’ in 1 (8) are nearly the same. = “33 


a : S 6h: “ Detetaination of the Ton Qu 
ve’ measured ‘the deadtime ‘for gridless ee from the Observed D eadti ne 
with | various wall diameters, the results ae ‘From the pai sehen Beige ies * “and 
are shown i in Table II. All counters used r 
| d with 80-mmHg argon and 10-mm Hg the ion oantity q. pam unit i Tengh of th eoun ter® 


Sri ; E < o oT were ‘ 
" Bi : 3 = 72) 


= ul shows that: the deadtime < is roughly 
onal to the square of the counter radius ~= as flog ae nel “he OU: 2/ host 


Sein Bt hea eee u(= applied wall 1+ - 
An example of the result is see ine 


= 2em. ‘The observed i ion jamal ; 
to about 10-1 coulomb/em, which oe 
charge @ 2 ote wire icinak OE j greater thani so far has been | thou 
seen This was checked afterwards: i a “sensi i 
Q =e —2¢q log (ro/r'5), : vanometer*, ae ants ae * 
Table Il. , 


“a etintine vol- | 
3. tage)— Reed Destine, cfg? 108 
zi voltage.) ins is ‘mentioned i in nthe 


u - quantity n is corte ; 


volt 
180 
160 
260 © 
160 
260 


tha: “the positive ions must be distributed some - 
> rae distance apart from the surface of the wire at. 
the end of each discharge, @ and the field near the. 
wire then being approximately zero. When ‘the 


4 


positive ions move towards the wall, this field pe i 
covers gradually. And when the field takes the 
same value as that at the threshould voltage, the 


ioate—— deadtime is over and the conten Specie ready 
to the next discharge. On the other hand, when 


um is not so large and is smaller than certain critica 
¢alue w, so that Q, > q, it is likely that the ions 
are the more densely distributed the nearer to thi 


= oe wire, which form a different distribution from the: 
case of g > @o . (See ne 9 tals ; 


x 
BY 


700% 200 300. 

- uw in volt Ue 

: 2 ne - Fig. 8. is : 
ii little ‘greater than @,. This is also ‘the case 
be when we plot. the observed pulse ' heights on the 


aia -sereen Rania Ue To explain this 


“mechanism of a discharge. If all the 


tern 


fake eer in Ee SUSE: the field just ; at the s cart ce 


Sire ade eee ee 
"Fig. 9. (a) (b). | cnt 


es tried an approximate. eneulation of q-u ion is tentatively taken to be oak to q q red 

ee Thus we put (for uv < w-) by |Q| approximately, in order to fulfil the co 

2 é , tion Q = 0. Coa 

In the case of Fig. 8, r, = 0.05mm, U; = = 1 

te : ‘volts; and kn/p = - 0.15 mm interpolated from Tr 

, the outer firnit of the i ion clond i is treated data, so that r! is 0.2mm. ‘The calculated. g vs 

determined Pera: aniiependent. of u, _ curve, assuming 7, = 0.237 mm, is shown in Fig 
in a full line, which is in _good agreement 

the experimental curve. Moreover, 7p value h 


oy - o(r) = 0 = const. Tu <p. 
coger et HST Ste 


assumed is quite consistent with the other fact 
é. g-, that the growth of discharge is localize 
the extreme neighborhood of the wire as show 
by many workers). - 


t 


f : Discharge Mechanians of Geiger Miiller ah an. 
-_ Experiments with a Separated Cathode Counter. 


’ 


_ By ‘Hiroo: KuMAcat, ‘sichi Summopa, ae Osawa, 


oo 


Yasuo ToRIKAr, and Teisuke. Kopama. 

sot pt ‘ 

- Tnstitute of Sabned ia Teohndlogy, eee of Takyo. er, 

‘ rans ‘ “ag / 2 stele ‘ : me saa % 

(Received, June vg 1948). 
toa C. R. 0. or to a “ seale of two” ‘count 
. paratus. 

‘The Ghee wall is made of brass and : x apres 
I to five parts insulated. each other by § aA _ Probability of. the P Peopmenti f 
ngs- The inner diameter of the counter ot aR. / x 

i 8 em and the total length. is 55cm. All 
the divided se except II (Fig. 10), have ~ and 10-mm of Aachet The middle 


oe : and IV, ys ne ae one, WL, of the di 
the counter is made of tungsten and its 


ie. 
er Makes The central wire is maintain- 


€or nagetlnd low voltage. The pulses 3 seal ‘of ‘evo counting, eodeveia at. 
all are amplified properly and anslledan. : ns rok 


eiger-Milller Counters. x 


é 


ar Nindou er 


fing 


- ‘minute. “Thus the ee a, that the discharge 
s ‘the region I petesestes' to the region V, can eee O05 


a 


/00 720 
Overvollage fag? 
Fig. 11, 


(ho volts — 


4 _ be computed from - Pa esti Ge 


=N. +m5, , : ; fy x 
aa % ‘abscissa. and’ ordinate axis of.the ©. R. 0. and 
Ny, = ase $m ue a Ogee ae eee . #-rays are admitted into I... When the field at the : 
- middle portion of the counter is suppressed by he 
ere same method as in the previous section, ther aj or if 
‘ or 


ae Aes of a for various potentials - of 
the 


of pulses sweep in’ the direction of abscissa r 


= gone ee mips. Ar. plotte a in? Fig. -11, ordinate axis independently each other, but a sm 


number of pulses sweeping in the direction of ju ts 
45° are observed. "And the latter pulses always’ 
‘sweep in the direction of 45° and any delay of. the 
induced pulse was not observed. . This shows tha fs 
a small fraction of discharges in I. proceed into Vv, 
and the pulses in I and V. arise at the same time 


by the liberation of electrons from the wall or gas 


within. 10-*see. This induction ~would be caused | 
by more penetrating photons than those consider- 
ed in the usual propagation of discharge. The > 
_ probability of this induction can be estimated bys x 
counting sweeps in the direction of 45° on the ae 
‘C.R. 0. screen and is plotted against the potential . 


oy & the central pee 


Table I. 


Voltage of | Time for pe | 
central wire ° By pis -propagatio : 
(volts) (see. 1 (cm. [see. 


1120 . 1.6x10-> f 
1140 1410-5 
1160. | 9.4 10-8 
1180.2} 97x 10-8 | 
\ 1200 | si 6.4 10-8 shed 


f0 60° 80 100 Voll Fe ee par . a ® 810-6 
eas ve NRO" 5 4 7 BBR INE = 


eA in the case that ‘the counter is yee 
80-mm Hg of argon and 10-mm of alcohol 


-asa function of the 6 Rea. of ‘central 


decreases by the reduetion of f the ‘eld 
_ portion.. 3 f 


‘used ¢ are the same as in the previous 
this case, however, the middle portions” : 


es In ee ha ‘the pulse 
ler. end of walls is delayed ni the time . 


24 Veloci7y of dd | 


ee From this time and the length  -_ 
ter, the velocity of the propagation of 
3 can be measured. In Table III, this 


Central Wire 
we 15. 


"Most of the Seatean. causing the sasnuiiaiey 
ee are produced within about 1mm from 
: the wire (9) (10) (11). These secondary ‘electrons 
"are produced probably by very absorbable.photons 


<@ produced by the preceding avalanche. Thus the 


as "discharge grows forward by a number of small . 


The length of the path of electrons in each 
_ step is. about 0.4mm.) Although the mobility 
of electrons fh high field is not known, the time 


: _ Steps. 


H 


Siailas measurements of the propagation of ais. 


perfect accordance with ours. — 
a ‘ a : 
a 


Ve 


a . . The size of pulses in Geiger-Miiller. counter 


Irregularity of the Size of Pulses. 


Bes 


a is not constant at the constant supply voltage 


and the irregularity is observed. Particularly at 


appear. extremely. As for the main causes of the 
irregularity, we agsume the » following three. The 


y 


ee cause is the ripple in the high tension source. 


oh een shown by the following experiment. 
\ he ripples in the high tension source are 
mle to absciassa ee of the C R. O. through 


aan ros ones. These sinaller ones Loe be 


: formed by the preceding discharge go away suf- 
_ ficiently from the central wire. 


- propagation velocity were modified and performe 


gor one step is estimated to be pica 10- 9sec. 


charges” have been’ made recently. by Wantuch, (2) 
Psi and Dunworth, (i) and their results are in — 


‘ little above the threshold voltage, the- phenomena 


: 47 os 


the second pulses appeared before ‘positive ions 


This i is the second 
cause of irregularity of pulses. In order to “observe 


this effect in more details, the experiments on. the 


where the starting point of pulses i is shifted simult 
aneously by the ripple of high tension source. The 
circuit used is shown in Fig, 17. The result is sch 


Pulses from 


Mal 1 -— 


smaller velocities of the propagation of discharge” 

and they causes smaller pulses at the. opposite 
end of walls. ‘These facts verify the second cause 
above mentioned. “The third cause for the irrega- 
larity of pulse-heights is considered as follows : . 
near the threshold voltage the probability that Se 


secondary electron avalanches are excited by the oye 


_ preceding one, is not perfectly unity but a little 


less than unity. And so the discharge does not 
propagate completely within the counter but dis- ae 
appears on the way. This suggestion is proved 
by the-f6llowing experiments. First, although the \ 
ripple of high tension source is minimized as much 


as possible, the irregularity is yet remarkable near 


Jength of the counter. 
S Next, we observed the propagation of discharge 
G8 the threshold voltage using the same circuit 
own excited i the preceding one is “unity. ‘Forth oe | 
In the region of low Fig. 19. shows that above oe limiting: a. . 
The there exist yet. smaller pulses that do not propagate. ’ 
is below | which the discharge does from end to end of the counter among the “normal 
agate would be the eater at which the “ones. This would be understood as ‘due to the above 
{ mentioned second cause, Glas “ 


t 


. Discharge Mechanism of Geigee- Midler Counters, am. 
, Origin of the “Nachentladung::. 
By Hiroo KUMAGAI, Koichi SHIMODA, Iwao Ocawa, 4 
Yasuo TORIKAL and Teisuke Kopama._ 


* 
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wpe 


the yeltaas between the v wire and the wall as 100 2. a 


Rieriad bine distribution of 
result syith a gridless counter (e 9 Q< 


léss counter Fig. 7). i the ¢ case he photo af = 
Seeley field between the e grids and th 


becomes Se: when ‘the overvolti 
greater. These peaks, correspond to th 
after the ions pare tional the i inner « or 


a 


minent maximum, This: mast tb oe) 


_lons come already to the | (ecu field during the. 


deadtime, causing relatively small number of N.E 
by this mechanism. _ When u becomes greater, 
however, deadtime becomes seed and ee 


SS Hin cent tae 7am shen Prone, field at 6 end of deadtime. This may ; 
|| Ur+88 vor = Ug +70 


= 


—— § soxlor 4500. 0 235. 8-10: S Joxso* 
080 Ree) “(20-10 Acc.) (0- 0). 


ter ne Divided Wires 


In order to; investigate the induction of 


Pitas Mae ah. 8 charge in the other part of the counter by he 
pes 5 He +108) photoelectrons from the wall, a counter 0 


oe S 10%/0" fea 0S soxlo*0 5 10 bsxjo™* 
(sr een deh me io3 -20 Acc.) - 5 Ace) 


See : Fig. 20.. 


between grids and the wall. 

remarkably as the field distribution ‘aienwee The ", 
result. seems to confirm the fact that the induced aa 
discharges are caused by photoelectrons liberated i 
from the wall or the grids. Namely, q- 0s. Uy 


curves for various cases Bhitoide splendidly so far’ — 


Fig. “93. 


field ‘between the outer grid and the wall 


to retard the pore aa ae from the es St Rw ee 
; p-values are ey Sera any other eases. This 


0 uter grid, The oneet Pe must be all. Aue 3 


“yt 


to correspond to the ‘unknown: action as 


hi otoelectrons. from the inside surface of sthe | signs. eet as es 


gi a. Besides, pevalue in the case of (6- Bish Ly Secondly, it is seen that P decreases ape 


ae pace cet when ‘the field between the: two. grids a 


hs for the question, how ee: photo 
a ‘show complete ‘similarity. ah is” - liberated instantaneously after the 
cause the phenomena of the photo- . charge, give rise to a delayed N. E. 
e ie i long time interval as 10-1 = ~10-? sec 
ar the surface. Application of too strong © . as yet no decisive confirmation. rg Fro 
var the grid (20-20 acc.) causes small increase _ however, it may. be plausible that the p P ho 
ub is perhaps due to small ageht ee near rons dre captured by some ha the gas 
rid ant and form so-called negative ions.” aM 
their small mobility, ‘they are able to caus 


in the’ time interval saat observed. Fae soe, " 


4.8 


me ‘relations etek ‘this S aoike and 


Firstly, p-curves seem to be decomposed, 
“WO parts, namely first part of small inclina-_ 
a “second La of large inelination. And 


pletely. 


- 


an electron sale cee taking place in the neigh- 
= ‘borhood of the wire due to ‘the primany_ electrons, « 
in turn gives. rise to another avalanche and so on. 

Thus more’ and more ‘avalanches take place. along 
; ‘the central wire, ‘until. the production is stopped 


3 * by the shielding action of the accumulated i ion cloud. — 
: se ~ (ii)- The outer limit of the ion cloud at this, 


me . mata is roughly given by Yo (§ 7), whieh also 


“ paged for the starting point of the avalanches. 


~ iy. The probability that an avalanche induces 


+kn/p takes a certain value Emin (= 2Q,/r’). 
? eee growth is possible whenever the field 


for” both - ‘cases of starting and: quenching of ‘the 
a - discharge. fe a5 y 


iv) ‘Several, experiments, especially measure- 


a ‘ ments on “the * discharge” spread along the wire ‘in 


f $n, suggest that the successive ‘induction of ava- 


- 7 


lanches_ “might be caused by the very absorbable 
photons: (mean range ¥)) through the photo-i ioniza- 


tion processes. 


Sor 


preceding avalanche. 


% 


cw) ‘After. the aiseharze growth comes e an 
. ; 
io ona, the produced ons move towards the wall, 


; "gradually, and when. the field near the wire is re- 
ie ‘Govered to the threshold value, the deadtime is 
_ over and the counter is again ready to the succeed- 
3 ing discharge. Fae ; 
ss ioe ee. to ake origin: of the N.E., we have, 


of Geiger-Miiller Counters. 


i? Baas er one becomes vunity: when the field atr! = tani 
The | 


Er’) exceeds Bae The same condition is valid — 


These photons are > produced by the f 


qs 80 that the shielding action of the ions decreases 


NV wl eit! he 
- obtained the conclusion that there seems to jbe 
“two kinds. of N. Hy; dae. 


by BNscocietteons liberated from the wall, 


those which are caused ‘eR 


‘and . ; 


those caused by positive ions through certain un: 
known mechanism: Decisive conclusion, however, 14 
rhealihoe be drawn until more critical experiments 
are cerformed. Along this line, Dr. Minakawa(4 
15)(16)(17) has reported many excellent and interest- i 


ing, researches, especially about the so- calles 


sf peecmecgelet un ng. 5 
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m tianate ceramics were sf badd between 
eae 

m temperature and 250° C., and their anomalies 
Fa 


ae specific heat, that was 


r 


ti i anate BaTiO, were discovered. 


constant of this. material is very 
eover shows a‘ peak at about 105~125° ~ 


these. facts it is expected that there will 
be a phase transition at this peak point 


this end owt be ani k with . 


Re frst, measurements rare 

in air, then wv vacuum. Results were 
rent essentially in both cases. “Measure- 
in ir Was already. reported briefly in a short 


his Journal(,: In the course of our 


we. found several : papers on the 
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e82e Preparation « of Samples. “ 


in a gas furnace. 


‘ sieved and nbs in a nile ratio : 1 


an intimate mixing - these © ‘were ‘suspen 


J distilled water ‘and stirred completely, then: dr 
oe the - Tumps were + ground. ie o 


omapetitmby 


. ton mei 


140°C as peta 


honforous, Sample AD 


AL canee for: ‘our _me 
“heat Cy of the sample is wi 
size 2/3). The method i 
but several points. are 
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&, Fie ce "Apparatus for measuring. dn gepeeiience, 
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; Vessel db is. = eurrounded By a ‘eopper case ¢,and , 
§ ae case is. heated by. the electric furnace d, which, 
The fatio of the 


ide currents of _these. heaters is varied so that the 


has: two heaters. hist and hy. 


uniform. eat ThA vik 


held eer: the temperature ote 


oe i and her al Expansion of Baio, . sae eat : 5a 


eae, distribution in the furnace ' is almost. 


* Heating the aauple by *heateé hy (its voltage 


f zero by adjusting carefully the currents of heaters 
hy and’ hs. 


ture of the sample. 


- specific heat of the sample is obtained by a simpl 


Sisantes were thoroughly preheated in both: case: 


Ve zero, since the inside heater can vary the tempe 


~ @.05 mV. near the Curie point. 


beweon b and, cis measured ‘By alumel-chromel 
‘differential thermo- -couple g(10-7V. /div.) and is made 


There would be in principle no transfer otis 
eS energy between b and ¢, and -all the energy 
from héater h, would be used, to raize the ‘tempera- . 
Madsuring the: temperatire E 
of the sample by alumel- chromel thermo: couple 
and a potentiometer ‘of the. precise , class, th 
calculation. But. in practice; there may be some 
energy transfer between band ¢ caused by’ a ee 
non- noe ey “of the temperature esis 4 
directions’; this energ « transfer and Cy of eer 
-b and heater h; ete., Keates Cx are included | 


“then in. vacuum. or the Shae: of the mois \ 


Electric furnace d, which has | two. heat 
inside and, outside of the ceramic holder, is ; suitab 


to keep the ‘temperature difference between b and 


ture of ¢ c with little time Jag. This” fact is very 
important in practice especially near’ the ‘Cutie yr 
point, The temperature difference between b an 


The 


c is smaller than 1/100°C. in our experiments. 


outside heater changes the temperature distribution e 


and diminishes: the transfer of energy between b 
and c. This apparatus was set in a vacuum vessel. 

Th practical measurements ‘the value of © ATS 
“was in general chosen so as to Soinasponl to 0.1 mV, 
of alumel-chromel thermo-couple (ca: 2.4°C.), and 4 


The heating rate — 


x, 
‘slightly. For example 
- sintered at 1380°C. witho at 
of P several ‘Fig. 4 


Set paraback: A typical C, vs. temperature 
og cur e is” illustrated in Fig. 2. This ‘sample _ A, 
4 as ‘sintered at 1400°C. after calcination at 


., is, hard and nonj orous: 


oe temperature distribution ‘in’ the * apg is 2 
uniform, so the thermo-couple shows th phir 7s 


3 is oe the Sees is” ‘considerably 


os 


mea a oints are illustrated in by ine: with - 
The ieeake of Cy is at 112°C. (+29C.) 
pases mae relgrenees ta dielectric 


Ri of ie specific heat i int 
difficult to Ep the temperature 


fluctuate. re ies gall gies was 
-in many cases at about. eae th Care 


a 


of this ‘ape bas s not yet heen a i 


ee 
: acre 


observed e heaie: in the Cy a 


~ 0.0025 cal: Jae C.. From the | Y 
Fig. 3 
Fig. 3. ¢ of sample A 


The degree of sintering and other 
8 shift ‘the position of the peak between 
ce and change the form of the curve 


ae to 13 ef thie: “ident size). The two 


samples of about 4 cm. in length (1 and ‘l’) and 


= ies holder. The rotation of rods, neeeeed by the 


al 

. beiveors Fees es their ends, using telescope 

. 
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When 
0. 15em. ., this apparatus allows 


__ expansion coefficient’ of the quartz holder., 
" D =300em. and r= 
as to! measure the’ dilatation such as 4//l = 10-8, 


t -T6 make'the temperature distribution i in the furnace 


te uniform, temperature of three points ‘inside the 


é furnace are measured “by three thermo-eouples, 
inserted as/ ‘shown in‘ the figure, and the currents. 
of three heaters ly, che and hi 

“ ~ appropriately. ‘The: electric ‘furnace is set-in a 


are adjusted 


vacuum vessel which ‘has two windows in the ath 


4s. to ‘make the mounting of samples easy. 


‘This apparatus is very simple, so there is no | 


? ce room: for various, errors to enter. 


ee “source set error is a slip botwesn samples ‘and 
quartz holder or rods; this fear can ‘be removed 

x by the fact that the scale reading’ coincides exactly _ 
at heating. and cooling measurements. . The value 

= of thermal expansion coefficient of copper ‘measured 

e by this apparatus is in Bood agreement with those 

of other authors. ” 

a abe Results and discussions. 

An example of. observed values of the thermal 


= nsion- -of sample A is shown in Fig. ‘6 and 7; 
: 6 shown, directly the seale reading, -which is 


Ps quartz “Fods (radius rv) are held between the two Si 


x . i ; ‘Fig, 5 “Apparatus for measuring wae thermal expansion. 


of light and four ‘windows - in the lateral sides so. 


Only, poss sible _ 


proportional to length at each ‘temperature. 
; these values the thermal expansion coefficient Bis. 


. from the figure, B decreases gradually from room — 
sf temperature, and a contraction is observed in the me 


and scale. 


Linear thermal expansion coefficient 8 
is calculated by the equation mt 


2r 4x 


> Evy eD+ay apt” 


a) AT 
where a is the distance. between two mirrors, D 
the scale distance, 4a the change of scale. reading — 


in the temperature rang» 47, and #’ ie thermal 


20 


| Ooi Re eae 
Fig. 6 se reading of sample 4 


bee ‘ 


obtained and plotted in Fig. 7. It can be seen ‘S 


range of 10°C near the transition point. In this. 
sample, a negative peak was observed at 106°C is 
(a20C,). For both heating and cooling the same 
“curve was ‘obtained within the accuracy of our 


measurement. 


; - 
’ snetccey the sample showed ei actially3 n ine 4 


point. 
difficult to adeeb the sal inte as 


have observed with the precision. of. their ‘achar 


$5 XQ ‘Conclusion. . 
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200 250 4 
—/7/*c-; ‘of the specific heat arid thermel, expansion. Of 


: Fig. 7- < e course, it is desirable to perform measurements, ~ 
‘Fig. TB ¢ of sample A. aie ' especially of the. Sea expanetan coefficients in 


the case of ‘the apesiin heat, the ° position VP 
But it will, not be “probable that, the ‘specific ; 


peat is essentially different in ceramies 6 and single 


vith the same e sample, When ¢ a sample ‘ 


Veh 


Fig. 8 B of ‘sample B. 


a ~ 
s plotted. Also for le 
a ee e in “which 42. s $s 


ion occurs, this can be observed after ‘ (3) Moser — Zeits., fat 
e complete sintering. This fact os be He (4) B.M. Vul and LM. 
(5). 8. Miyake and R. Ueda J 
ied (1946), 32. we 
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A New A arpa Baca in Colores, 
' Rock-Salt Crystal. 


— By Yoichi Uchida, “Masayasu Ueta and Yoshio 
_ Nakai; Department of Physics, Faculty of Science, 
f 3 University of Kyoto. (Received: November. 5, 1948) 
___In absorption in addition to well- -known Fy, FY 
and U bands of colored alkali halide crystals, M, 
R and V bands have been also discovered in the 
ag absorption spectrum of KCI crystal, and a number 


tne 


of notable properties of all these bands were 


ae summarized in Seitz’ s recent paper). 


Besides finaa.” we have found a new band 


" conditions for appearance and some properties of 
this band... 

kK band: may be induced | in the clear rock-salt 

-erystal by pushing electrons in. from a pointed 


- erystal is at the temperatures below about 420°c. 
_ Another procedure is as follows: F centers are 
i produced by pushing” electrons in from a pointed 


quenched to below 450°e, then an electric field of 
about 300volt is applied with’ flat electrodes. By 
this. process, 'F decoloration fades away, and the 
sample shows the new absorption. © 


me i 


ayn a: : zt 


Absorption curve of NaCl containing X Genter 
all eh and the same, after losing the power of 


So Shag Nowa 
Short Notes 


give almost identical absorptions (Fig. 1).- 


_ called K. The purpose of this note is to describe ~ 


rt cathode, just as the case of F center(2) - except the 


: cathode at about 510% as usual and the erystal is 


_ (Fig. 2); the distance between AB corresponding 


than that of CD corresponding to K absorption. : 


/ 


Crystals prepared by the above two methods , a: 


Tt has 


"a principal maximum at 290m x (K-band) and a ‘aa 


subsidiary maximum of F center. The continuum _ 
ranging between K. and F may be ascribed to a. a 
colloid, for it appears also in a crystal. previously. * 
colored by. F center and then it is diffused away — ie 


by aes or ae Baie 


"When irradiated oe the Sine lying i in fie new re 
Palatontion: it is found. that the sample shows 
luminescence with its maxima coinciding with By ; 


and F” emission bands ‘due to the transitions from 
the bottom of the conduction band to the ground 
states of F and F” centers respectively. BY ce 


at K and increases at F bands (Fig. A). 


’ Now Seitz(®) and others suggested that’ a 
lower temperatures densities of pair- or. quartet Pes 
of vacancies increase in NaCl crystal. Ifa quartet 
captures an electron, the iw force of positive 
ion vacancies will decrease and they repel eac 
other and there will remain a F,+ center i.e. a 
ooo consisted of two “negative ion vaeancies 5 Aee 


i 


plus an electron. F,’ center may have a higher kg 


& 


ionization potential than rR center, for, from Franck- 


Condon curves imagined’ for formations of -Fy7*- 
from F++F+ and F,+ from F+F* respectively 


to ionization energy of F center must be smaller 


Then, if we suppose the carrier of K band is iden- ae 
tical with F,* center, the K band would situate : 


at shorter wavelength than F band ‘as observed, _ 
and the dissociation energy 'of K center may be. ' 
below L.7-e.v. d 
Another support for our ac mefitioned ; F 
above will be as follows: when crystal containing ; 
F center is heated at about 450°C without electric 
field, decoloration disappears very rapidly. This 
phenomenon has been interpreted as separate 


“Short Notes ‘ 


Fig. 2 
Condon curves for K and BS siren 


es fa 


diff sion rs. electrons ‘and negative ion vacancies 


sh from F centers. Sipnilar experiment 


peratures higher than 550°e, showing 


sr ionization potential, os K ‘than: ne 


’ 


1 


- 


ch will immediately dissociate into’ two nega 


es 
= U 


iled results will Be reponed ‘later on. © 
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ation of the @eaencs of Ceystal 
ifiers with Bias. 


i Kobayashi» and Kenzi Arita; ‘Research 


j tthe acgsity of cuprous oxide rectifiers varied 
hin h bias. _ According to she modern bea aa aia 


‘ between metal and semi-conductor. 


r 
eat 


"centers | 


gel 


Wise Japsstfeos a 
Metat Semt-conductor 
‘Figs 1 


Energy levels at the contact between metal 


and. semi-conductor. im 


aN ' 


The pots i 


per unit area is even as follows : 


VV) 
(ene (et 2reN : j =| 
ae haat a 


2) Pine ecark a} | ig are 
+ eN? sinh? er 


where d is the thickness of the’stoiehiometri¢ ian tt 
‘e the dielectric permittivity, E the activation energy 
of impurity’ levels, N the concentration of impurity, 
levels, V applied voltage, Vi = vey 2E, o the | 
work function a Cu, % the prcinne yay of | 


*. 
» 
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e e(V,/—V) 
nN Mat) 


another experiment. eas page’ 
‘The authors measured the impedance of 

flow direction to 3 ‘volts i in thet hard flow dit ir ection, 

The ae are shown in ‘Fie. 2. We © obtained y 


volts, See ore 
By inclination of the curve in 1 Fig. e 
the value N fs Ty. a aes ee : 

4 


\ 


‘The once of. circles of impedance diagram wi vere 


deviated at large biases in the direction of easy & 


flow and they were not circles by closer experiments. i 


vite 
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ee p proved that. the power or the logarithmic law of velocity distributions of the ‘turbulent boundary 
S of solution is shown for particular flow © patterns in which a-parameter used in the equation is 


; cs calculate. the: ‘velocity profiles in any sub- layer ‘is derived, assuming that the turbulent” boundary 


~ the experiments. ‘It appears that the work described i in this paper is useful as one of the ‘theoretical 


en . it determined. 


PART L. 


1 ie Dine sitions ath 
4 { 


By - effects of the viscosity caused ‘by turbulent. motion 


; “are. not exactly expressed in any physical quan- 


region of the turbulent boundary layer. Since 


ub. “Prandtl proposed his. mixture length: theory, 


motion are ‘not completely established, and though 


be some ‘empirical, formulae in regard to the velocity 
- distribution: have ‘been derived, -they are not likely 


‘ 


ure gradient. STOR RR RT pe Ey 


Ee of ‘the boundary that the turbulent boundary layer 
"has direct effects -upon the body in the flow. And 
me: it has been. known that in this ‘Patty of flow, the 


Be x 


Laminar Sub-Layer (d) 


On the Laminar SubLayer i in the ‘Turbulent Boundary Layers 1 : 
Ste TR AM: Le, eee By Yutake SHIGEMITSU. 4 ae 

Ee ed, : ie é sath See Railway Posbricals Research peers Tohyo. 
(Read“March 28 28, 1948 : Received June 2, 1088). | ae 


eety of Parts I-11 


‘The “purpose: of the study dealt Grith in this paper is ee investigate the state of . dow “near the ; : 
‘surface of a body ina turbulent boundary layer | and to contribute to ‘the theories of ‘surface friction. . f at 
. or heat transfer in turbulent motion. In part I, the mechanism of the flow in a laminar sub-layer ug 
i ‘is explained with a conception of the stability of laminar boundary layer ; and the equations of ‘motion 
_and the boundary conditions are derived.. In Part II, a method of an approximate solution is shown 


for the flow along a flat plate, and the solution is compared with experimental data. 
layer is improved in the vicinity of the plate surface. 


* constant and a group. of these solutions are derived. And with these’ solutions in use, a method to 


grounds on which- the: general state of flow near the surface of body in turbulent boundary layer 


On. the Mechanism of a. Laminar Sub; “Layer. 


ea In the investigation o of a turbulent. boundary 
_ layer, the ‘most fundamental difficulty is that the. 


% - tities concerning the. mean > motion in the whole — ; 
i the boundary is so. large that the surface: oe 


"many investigations have been made on it, but on 
— of this difficulty even the equations of. 


lence are approximately. neglected in ring tapes i 


d th ssibility 
_ to be adaptable # for the case oe oe with a pres- boundary layer. is avoiios «and. there is S-ppssl aii 


On the other ‘hand, “if is’ only in | the vicinity 


¥ 


Then it 43 


In Part III, a similar approximate method 


layer is developing from. the forward stagnation point, and the results are compared with those of ey 


‘ 


/ 


is much largess than in ins laminar boundary. layer, 


the’ above-mentioned difficulty in the: turbulent 


*that the state of flow can be investigated theoreti-_ : 


’ 


eally as in’ the anes boundary layer. 


It was 5 T. E. Stanton() who first proved the 


j 


‘existence. of’ a laminar sub-layer by experiments, | 


but since then there have been few detailed investi- 


{ 


son | it: "moreover thes are. limited in ‘the 
flow without a pressure sradient By these 


ayer the. velocity distribution in it is linear ; 
ween the dorms par and the driginated 


urbulent boundary layer may be smooth- 
ted. Thus, it has been defined see the 


esis may be. airectiy extended in athe case 
a: ‘pressure ‘gradient. Particularly for - 


BEDS tani cme in which turbulent eh esis 


, below which the flow retains to be laminar « 
, large disturbances may be’ superposed. 
it of the value is generally called lower 


sent ie is tenon of the 


eet 


flow in a habe 
ed atso for the fidw with a “pressure ‘gradient. ; 


the case of a nbeniare value of apie i se 


cal Reynolds Wonk of transition is 2 appeal to 
be higher than that. . Andin the case of a positive 
value of alae the Heats occurs et sey 


_ nolds Number, although this. falas? may ‘be. ver 


“small. In general, for ‘the flow of the lamina 

boars layer around a body, the 2-Reynol i 
Number has already | become considerably large, at Tt 
the point where the value of dpldx becomes posi- { 
tive. But oe this value is assumed to be no 


is: a snail ‘part of. the laminar boundary I 
cin the region where dpide “y positive. 


tan above exyerimental facta, 1 the lower eri 


Satie Number, Us)v, represents ea as e. 
of the inertia force to the viseous foree in th 


Saas bistuzbanges by inertia force may | 


The above omnis is generally rb 


“mental - facts as for the relationship between | the 
Reynolds Number of transition and the pre assure 
"4 gradient, the author desires ‘to introduce. such a 


large in comparison withthe inertia force and the 
; however large turbulence may exist in the main 
ys which appear ‘in the. ideal flow and the viscous 
“force. that below this limit of the value the flow 


main flow. — 


( 


i “ momentum’ and. the charge of pressure, and in the 


e laminar bountlary layer, the former force is ap- 


_ proximately proportional to 0U? and the latter is 


to. to —(dp/de)3, and - the viscous force is represented 
: approximately by # U/s. ° Therefore, the ratio be- 


zm ceribed respectively as 


zi Fig. i. 


In Sheet expressions, (2, 1) is ‘the 6-Reynolds Number, 
: eR: and (2, 2). is the same as the parameter ‘“‘’2”’ of 
_ the laminar ‘Boundary, layer flow, derived by the 


- K4rmén-Pohihausen’ s theory. 
“not assumed to have the same coefficient of ratio, 


5 + ficients, the: ratio of the forces as the ideal fluid 


ae os 


in- ‘consideration of ‘the cee "Qlaecived experi- 


hypothesis that for the laminar. boundary layer. 
slow, when the state of flow differs far from that 
of the ideal fluid and the viscous force is very = | 
. pressure force, the flow continues to be laminar, 
“flow. | In other words, it is assumed that there is . 
; such a limit of: the ratio between the two forces act 


a ‘keeps i its stability independent of the state of the | 


ce For the flow ae a pressure eradiont: the 
a forees: as. the ideal fluid are due to the charge of. 


. tween these forces and the ifioa force are ied 


ca . ve 

eet, ye Lag 

4 x d 62 a 7 
de a (2,2) 


_-, we meet a fundamentally difficult problem ; 


But # and 4 are. 
and so. when x is taken as the ratio of these: coef- 


‘ to the viscous’ force in the boundary layer is re- 


R+ea. (2,3) AK oa 


Therefore, on the bate: mThentioned hypothesis: when ia 
the value of (2,3) becomes smaller than a certain | 
limit (which is shown by ¢,) the flow remains to we; 
be laminar independent of the main flow. Namely . 
‘the following hypothesis is derived that when. the ze 
condition of 


eae i 


gradient, its state of flow keeps the stability hot 
_ever large disturbances may be superposed. 


§3.. The Characteristics of Laminar 


large . ‘turbulent motion, but at the saptaae: of ¢ a 
body, the velocity ' of a fluid can be ‘Supposed ti ‘ 
vanish and so the vorticity also diffuses into th cs 
flow from the surface, as in the: ease. of the. 
laminar boundary layer. In the region of the dif. 
_ fusion of vorticity, the effect of be ea caused 


‘diffuses in ah turbulent ppitating motion -outsid 
the region -where molecular viscosity is. large 
there are large fluctuating motion and finite shear 
ing stress owing to the turbulent motion. 

In, turbulent. boundary layer, the laminar. sub- i 
« layer can be generally defined as the region ‘where . 


the effect of molecular viscosity is large, and on: 
account of its very small thickness, its equations 
-of motion may be easily derived as that of. the 
And yet at the. next stage 7 
that. 
is how to consider the physical meaning ‘of’ the 


Shee wiantt oned different conditions outside laminar 


laminar boundary layer. 


sub-layer and how to deseribe it mathematically a 
in the equations of motion.; ‘i 
For this problem, it will be desirable Mos con- oe 
sider it on the basis of the stability ‘of laminar 
boundary layer which was described in the last 
chapter, In the’ turbulent boundary layer, when 
'g- and y-axis are taken as in figure 2 and uw as | 


the mean velocity at a point (x, y), the ratio of 


\ 


+e) = ee “" peak: 


wh 


es ow must remain laminar - independently ‘of | 
motion outside this region. _ 


ee in the turbulent boundary, layer 


— 


res ae co when ‘the! sae otitis in tora 


of, body, its intensity can be sup- 


such a magnitnde as is S used in the 4 


d upon ‘the above-mentioned deine part cS 


Mm 


cote 
is turbulent otio 


Liver such a condition that 


@)- ee a : 


pts necessary. 1 (3, 3), m is. ‘a non-dimensional 


number of a finite Avalae and ought to be determin- 


ed according to the mechanism of turbulent — 
-outside the laminar sub- layer. So ete 


. The; conditions at at the boundary of the laminar vs 


i 


"motion of fluid in ‘the eae sub: ayer ne written 4 


and the boundaey conditions are ie 
\ 
sus o at ys ce: 


wheres u, and a are ¢ determined inditee 
and (8, ne and So ee conditions B, 8). can 


G8 wis 


ued at yo 


tee o eek: ee rn 


boundary condition outside the 
: 4s =i at yoo, ire 
eRe 
and U is ‘eivest inact as) ‘the 
_ potential flov, beg the. e thicknes 


es fe ist Ne Be 
in the region of y >is 


oh 


But 4, and u; are not given directly by the ‘condi- 
tion’ of turbulent flow outside a sub-layer, and these 


ae above-mentioned, character that the state of flow 


“outside laminar sub-layer is | different from that 
aa of Jaminar boundary layer. ~ 


In the foregoing part, as the equations of mo- 


roper Proprencen of Cavity Magnetron. aie 


ary layer i is alae, develop- one layer, G, A) Sad (8,5’) have been derived ; while in ; 
the laminar flow gt 
breaking into a turbulent. flow Faith the fluid: in 1S 
the 2 region ‘of y <4 keeping its stability as a 
aminar sub- layer along the boundary of a body. . ‘record here a debt of gratitude for the. kind g 
ance throughout the present work, to Messrs. 
: Kondo, Tadokoro, Maekawa, Yamanouchi, and other 


values. are decided by (3,5’) \which represent the | a research m members i in the ne hydrodynamieal-laborator 


- tion and the | boundary conditions of laminar sub- - 
£ F * af ; y ‘” * 2 ; “f 


the following parts some discussions will be made % 


on these approximate epeelotet ' 


Before ‘going further the author wishes to 


( 1) Stanton, Byes 
(1920). 
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‘ ae _By Masao Korant and Hidetoshi TAKANASHI, ee 
Sar te + Hi “ : m Departmen se Physics, University of Tokyo. | Eva te 2 oF s 
- 7 (Received, June 1, hoe) ae ty ea : 


§ Le is “Introduction : 
~ Since the most important ! factor to determine the 


- frequency of microwaves generated by a “magnet-\ 
ron is the proper: frequencies: of electric. oscillation 


of the ‘resonant “circuit constructed in the anode 
block of metal, it is important for the design of _ 
a ‘magnetron to know quantitatively the relation 
_ between the proper frequencies and the dimensions 
of the resonant circuit. In this. ‘Paper we describe 


eae 


* oscillations of these resonant circuits; which gives 
“results. agreeing closely with. experiment. Our 
“discussion will” be ‘concerned With magnetrons 
with typical resonant circuits as shown in Fig. Bn 
) and (b).. ‘These are. known in Japan: under the 
ams “Tachibana Eeeiehe type’ x and “ Ume- 


"Theoretical Deerminauon of Proper Preqhencies of the _ 
Resonant Circuit of the Cavity Magnetrons.* Redes 


; an ‘analytical ‘treatment of the electromagnetic. 


-A through harrow slots. 


: pleted during the world war II. 


aa lin case of Tachibana-type. . - 


‘place, and by B the resonant cavities ‘arranged 
cireumferentially which are connected to the space 
In case of Tachibana- 


“* ‘The essential part of this work was com- 


Jer “Masao Korant and | Hidetoshi TAKANASHE- 


ae shi a , : ; City 1 aN c ~ 
os AN erg gl? ve % ‘ i ‘ if sf , oe 2 


large and small cavities are » distinguished a as. 


‘aes 


In order to determine tek proper obeillation. of 
‘puch a complicated’ hollow cavity, we. obtain ‘firs : 
the oscillating electromagnetic field in each of the 


it AS a a simplifying assumption we neglect the: 
is se finite: thickness et the metallic 2a 


cavities A, fs B,!, Bi, #-0s/-for arbitrarily chosen ¥ 
value of the frequency w, and adjust this’ frequency : 
-so'that the fields may join ‘smoothly at the slots. 
Then the conditions of continuity give equations 


for the determination of w and A= ne 8 


: Now, in case of two- dimensional ree ‘ 
of relatively long wave-length, radiofrequency — 
‘currents flow ‘on the wall of B, B’ (and eventually 
of A also) in a plane~ perpendicular to 2, and 


and depth) of the slots are small in com- ; 
with: Band B’. This assumption has as 
nee the situation that the dimensions 
far smaller ‘than the e wave-length, 


_ positive and negative surface charges appear on ts 
~ poth sides C, D of the slots, just as” on. pair of 
electrodes of an electrostatic condenser. Then the — 


magnetic field HY has z-component only, whereas’ 

_ the electric field E has. no component ‘parallel es 
zg. Hence we ‘may denote the. z-component of, H as “3 
Hei~' and the -,y-component of Eas Eciw:, Byeiet, 
where o is the circular frequency to be determined 

by by the following analysis. oe Ey and : a are 
- functions of x and y only ; th y are connected by 
anes Mere Pik 


the following relations : dca A an emia el 


as, Pe), 
* 3 cee eH oH. ‘ 
Nd r: t Ox? a cree +H = 9 0, 


ical Tachibana-type circuit: Radii of larger by electrostatic. ‘one, apart he the ‘facts 


oe are | denoted by R ane Ro [x and y components of &. must, pee sae 


shown in the figure. 


“ 


Erm ar = I Cn Cos oe 
~ ip which Cn is given as follows 


& mas Ce 


Pols es Bue Sik fig Redes ee ae 
biocide Bus L 2. wees, ¥) and A is i Ca ag { Serer db, Cm = =f (Bor neosm 


a Vexp(20ic™), ie ee a a 23 , Seat a 


oe ) 


Since fi (Eip)r= Rag is equal’ to oe we have, 


where ¢ is ‘an integer. Similarly, the potanial 
difference across the slot connecting B,/ and A a 


¥ 


a ere ee 


Bho ny woes o- 


» 


} pies rales + “ n =1, 2, beens Vv. ~ pare ans ee ase ‘ At ; 3 ae» 


Wt 


expanded in the form 


Lea n Sin Basra Sia ; . meee 
$3 3. (Esme Field i in a Si gle H- = foetus cos my. 
Cavity. helge ache Ay aD ee Dicer atte me 
Me Fig. 3 shows ‘one of, the asotee cavities B, pro- Substitution of @ i into C gives, : ie ins 
jected on the wy plane, ‘Girele with co) as its eee Sai ee aH ae 
A adie ak SRT ck DO Ok S405 ae Ss Andale cos sm 


Wi 20p es: 


fi This function mite coincides with (3) 


“Hence, we must have 


& 


ae GAmdal ER) = Ber see 


ae 


Am can be. obtained from hikes relation 
takes the form | "4 i eae it 


Hed, é) = prey Ini) co 


Inf oa is 


oN 


eomnponenit A 
ane the cirele 7 r= - R, Bayo R takes non-vanishing a 


serious error. Bence we ue 


hc es 
aR (lie, + 2 Talk R) 


ieee Ji ent} : 


This formula, w which neglects 4, is not valid in : thie 


S 


a immediate neighbourhood of. the slot. In fact, if | 


the een hee and ; 
accnting ‘to. the 50: vealed 
ation we have j 

30 a 

—— = 

Ox 


for E, and a 


" Gistance Gio the slot) <R. . 
series so obtained acetate ees very. slow- 


¢ 


“mediate region.” ; ci AR a le. Sleaiie Biers 5 a 
aye ‘ _. As a concrete example, let om) ‘consider ; 
Sas = ee Pe Le infinitely thin slot as shown in Fig. 4. FP 


ee +S, 


KRI' (kk) - bs _ ease the complex potential is given: by 
C08 smb+3 a) ioe Se 


= 4 
Vee R ee eee 


um sea as follows 
vane, s 


‘ 


Oy tae 
if tat 


eres ts —BRF cos - 


ioe Sieh Inst) 
mel pede) 


Bede) 


bc 3 


| Now, in “the! j I 
above, bout aay and 


 dauaitly Along the we of A (anode surface). Short 
‘calculations ane for the mepion. M,, 


ae it HE 28 5 {pet og be | 


: ‘and for M.,/ 
‘ ve Mya One? tp | ; 
| vot Ay <0): TUS Sa uee Gta ot Had 6 [Vac u(hRy) ao 
Res ir ecare) ae, Hees Ry. 
es an BE fe) +108 2 reac ta Wace nar e FURR) Hee a | 
ORE a In these formuls ej are 
a ae case the form of the slot is arbitrarily given, — Bases a pemulae tanclions fu se Ke i ar 


: _ which are defined as follows: , 
we can. still write. ; rege 
3 vFe<4 mv (et) £m) j 


= lg 20 : + ghC : - j : Pte “fenle) = 3 3 Zar eamx) ! op aes 


/ 


where | ‘ ‘the Sailer treads of the slot sae ge is ‘He oan 


‘ay length ebaracteristic of any slot, and-can be Lf \ 2 dle) Sf YImvx) 1 
ope) = Pat eee 
Bed (az) m= GI y(n) m 


ee f vIy—camha) ) 1 
Be are “m+ 


= by le electrostatic problem, | Using 


Tice my (x) ~ 
pe) = b>) Crt Ba eI asin) 
a aR Maer O88) 0 

son g ey) ne 


“of 6 "and Vv. 


o 88 


? _expression. ~The condition of agreement is 


vena 1felhR,)Hog§ 


- Elimination of V/ V’ from these two eq 


es i ae see ie oa 
{pe hee ay 


aloe: “the pried is. s quite similar b Shables us to calculate the proper wavenumber 
. sain wed to ‘ind the field in. | the carty Bi ‘The, ks : or proper ‘wave-length aCe ohe results — 


derived from (26) will be discussed in the following oe 
‘Paragraphs. © : 


e} are given here for ‘eonvenience ; re are Sable whose | wave I 
Pens | @8 compared with the dimension of the 
SS fez o) = fee), (27) ® 
PNT CS Rane f : : and tend logarithmically 1 to infinity with +0. 
1 gsr (@) = gel), . 
wi, re (¥, even) 88) 


the aca formulas 6, @). Then (64) = 
reduced to ote = Rpts RR SIRGE Crea rg 
He = Pintetee Se. 1 a eke 

“up x y=¢/2 2) low Riba Sets tia 2 
TSAR Br AA Meee RES. a a = et c= 
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‘ 
(30) 


rt 


en 


(31) be | 


32) gi! 


cade 


. on it : 
- Moreover, equation (34) is invariant ae eon e ti 
is to ‘the Be ene ive} . ta 


a 


ie) (g) | 


i etary 


pores te Band Cm 
fe ’ . Edel ; US 4 s 
us apply the e results obtained above oa Hes ee Sey 


te 


if ‘ ; ers. ‘ eee k * 
A 4RR ath aaa C 
a R) + felt og A (ar) * We a e) iy Rig 
Bebech type circuit with v slots. ‘ 
ziven values of R, R,, 6, v, this equation. f 
e number of roots, and they all have 


pl rs al meaning as long as the corresponding ie 
a bh : is sufficiently large in comparison \ 


y 


g yoreal Examples of Caleatated Resonant 
‘ “Frequencies y 
(a). 8 cavities, Umebachi type. an 


: ae R=3 mm, oF = 0. 165 mm (Breadth and enti 
of slots: being x 25 mm and Imm respectively) . 


a ai Ces Bee ee 


7 a = 6mm | 29. 64 62SCOBL. 


| 
| 
‘ 
" 
ee Beg Sons | ‘as 628 50.7 50.1 


om 8 cavities, Tachibana type 


hai oe eae 


abe es BT STS BR a: 
| 42.3 enn 62.2 


(©) ‘10 cavities, ‘Tachibana type | 
R=6 mm, R=3.5 mm, R’=2.5 mm, =0. 098 mm, 
es (Breadth and qlee of: slots being” a 


cone We MEGLO oR M(B) OTL, 


ri 
" " L 
os 


i ee (37) 

Se sy ‘ : | 2 : 

in A H= pa ies ) eS) 
“Oe <) 


These formulas ches ‘that ‘the , magnetic field is 


‘quently, uniform. current flows on the. wall of each 


cavity, | and charges. appear only on. both sides “of ce vs 


‘slots. According to (38),. no- flux passes through 
“the central cavity a ‘except for the mode. =0. 


‘Especially. in push- -pull mode, “flux of the same 


“magnitude pass, through all: B- cavities, alternately 
in one and the: ‘other direction. ‘Short wave-length 
) mode - Fe = 0 is. “unique ‘in that equal’. flux passes 
ae all Beeavities: in the same direction, . the 
‘et flux passing, ‘hroeeh A in. the eos 


4 N ext we examine the magnetic induction flux . 
through cavities? If we assume kR<1, KR, 1 in 
(0), and similar ‘equation repr enc eng H in A, we a 


nearly. uniform ‘in any. of the cavities. Conse- ar 


: tae in 


$2 “PrepeevOtcillation of Tachibana. 
. Type Circuit. 


We now go on to discuss general: Tachibana 

type: circuit. In this case, for each value of ase 

~ two proper oscillations of LC type exist according: | 
me to” (26). Although the split number is Qu, itis. 
. Sufficient to choose ¢ in the interval] i € os and: 
Jwe obtain. twice as many proper’ oscillations - as. 
in (36). In the long. wave-length approximation 
~ similar to (35), (26) can be. transformed ‘into a i 
quadratic equation in ee and the inspection of this 
equation shows. that in general ‘the longer’ -wave- 
léngth are a little longer than proper wave-lengths : 

. of Umebachi circuit having v larger (B). cavities coh 

d -only, while the shorter wave-lengths are a little 
shorter than those of- circuit. with | vy" ‘smaller 
(B) cavities only. _ Especially when | v is. 
even and - Ae | i mutual interactions between Bu 
and B/ cavities vanish on account of (28), and (26) 


splits into ‘two equations as follows :- 


‘ 4B)! eee 


- $e) tf 2k.) + log “any = ee 
eR!) Fpl) + log 7 - 0 re 


Py 


pest 


‘These are e nothing | but the. equations to determine 


ie cavities or larger cavities are absent. ; ee = 
$ t= aes we have Seba ues oscillation i in las a 


Veidattan (larger) cavities. These latter oe are 


R, “dead’’. The situation may be easily unde to 
za means of Fig. 6. 


| Fig. eo 


Push-pull type oscillation in case ,of 2: *y- ‘ale! cS 
“Tachibana circuit, which is the most common and 
important. mode in practice, is the proper oscillation } ee 
“of the longest wave-length in the class €¢=0. Its ots 
wave-length, can be obtained by solving 26). ie 


BP ear: 


; By slots. Umebachi cireuit (See (34). 
yash-pull “ode, iiaeaeties flux Titanate larger fs 
: ef = since we have put er TV for the | potential 
avi ae does not exactly eancel the flux’ through Sal 
ence across the. slot between. By and A 


ernit™ oe for the. Pee difference acros 


single formula a 


2 a Ace 


with Cac ine case Va 


a the ‘dug ‘through any one. of the BR ie -: = AiR) + SR) “= i = 
On the contrary, ‘if the difference between i oe 5 
B ee the mode goes over. to 0 push ‘Es a 0, 1, Pe: 2 “1. 


rt, ‘LCHike modes of mSota Tachibana to c- and the other we ay ee ve ‘mode. 
In the . may be classified as ¥ —¢ type aswell. 


uit: oe classified ‘into 4 groups. 
"the push-pull mode in apap) crt 


2 ‘circuit to- 2v-slots Sea ‘civenit, | 
R +R, OMe» OF, Ins this. limit equation 
25) hi evidently satisfied by taking — 


V, Cea 


(88) 
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eV, AUR) FeAl) = guile) +1oe xr =0. 

| Ze en areas Ora ba hy 
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‘ We found it cane eaten to sum frst ples terms 
. of these series directly, and ‘to expand. the remain 
der in powers’ of « As an example, we give here 
the formula for ah ple), which was used j in nume 
cal calculation Taiyo i's 
Pica: formulae bbsined are » (26) and (34) ts ; ete ) Aes ; ; | 


ies Ce ee el ide tle 


bh order: to solve these transcendental ele 4 5 B78 510, 
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r ‘Then translate ‘the ‘upper sheet parallel. to itself, 


ee ee od 


downwards’ by an amount i ‘and horizontally to 
the right by an. amount log C= (See Fig. A). Then | 
the abscissa of the crossing “points of two curves, 

‘ read on the seale of the lower sheet, give values 
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ee ; rays of Saligin fate ; the centre of a large eben nk | 
and slowed down by ‘the surrounding wate ) He 


ee the ae of tne cross: s section as 35 x10- =28 int, 
si with an ace’ racy of ‘the: ‘factor | f 2. -Ri¢bardson obtained. the value of (10+ 0.8)x10-% em’. His 
and mo) used a cloud cham er and. obtained measurement is probably the most accurate’ of the 


m? as ‘the value of the cross section’ for three mentioned above, but, nevertheless, there is _ 
a 
ier 


Mest, ds Kenichi SHINOHARA, Toshihiro.OKADA, and Susumu MoriTa. 


t 
y 


‘some possibility of a rather large error entering 


in his measurement, as the method he used in count- 
ing the neutrons is indirect. ’ 
Theoretical calculation, on the other hand; carri- 
ed out by Rarita and Schwinger“) gave a much 
larger value as the cross section of .this process. 
It is about 3/2 of the value obtained by Halban, 
and does not seem to show an agreement with the 


experiment. In view of the importance of the 


process concerned, we have attempted to carry 
‘out a most Careful expriment with the gamma-rays 
:. from. ThC’’, and compared the result with. the 
aa theory. 

_. An ionization chamber filled with deuterium 
and connected to a linear amplifier has been used, 
oe as in the case of the experiment of Chadwick and 
i Goldhaber. The experiment, therefore, consisted 
of two parts: the counting of the photo-protons 
liberated in the ionization chamber and the deter- 

es of the intensity of the gamma-rays pee 
ed by Th” used. 


g § a Peeprinental Arrangement for 
_ Counting the Photo-protons. 


The ionization chamber used is shown diagra- 
_ matically in Fig. 1. Its collecting electrode A is 


Ebon ite 


Fig. 1. j 


made of iron rod, 0.5em in diameter and 7.5¢em 
: long. It is connected to the grid of-the first valve 
7 of, the linear amplifier. The outer electrode B is 
i i made of brass eylinder, 10cm in diameter and 10 em 
Mg 
. with a small window W. It is covered with a thin 
a A ‘Mica sheet of 2.0em stopping power and served 
to test the operating condition of the ionization 
: chamber and the linear amplifier, by introducing 
4h the alpha-particles of Po, at frequent intervals, 


re , a 


“Jong. The front side of the chamber is provided . 


a 


‘Two such ionization chambers were prepared. — 
One of them was filled with deuterium and the ~ 
other with ordinary hydrogen, both at one atmos- — 


pheric pressure. The voltage on the outer electrode 


was always kept at 1500 volts. The output of 


the linear amplifier was fed into the vertical axis 
of a Braun tube oscillograph, while its horizontal 


axis was driver by an alternating voltage of 200 


cycles per second. The resulting movement of the 


spot on the. screen was photographed with a Leica 


camera, The film was kept at rest during eaeh 
exposure, which lasted for 1/3-1/2 min. 

The linearity and the sensitivity of the linear 
amplifier were tested by applying an alternating 


_ voltage: of 1,000 cycles per sec. from a standard 


oscillator through a condenser to the outer, electrode 


of the jonization chamber, at the same time sup- — 


plying the steady voltage of 1,500 volts to. this 
electrode. It was found that the output of the 
amplifier including the oscillograph changed per- 
fectly. linearly to the applied alternating voltage 


. in the range of the output pulses of several times 


the noise level. Since the pulses due to the photo- 


protons amounted to only 2 to 3 times the noise — 


level, the linearity of the present amplifier was 
supposed to be sufficient for our purpose. The 
sensitivity of the amplifier, measured on the photo- 
graphic film was found to be 0.17 mv/mm. 

‘The gamma-ray source was RdTh and was 
enclosed in a glass tube of 2.5¢em in diameter*. 
The lengh of the source was about 2cem. It was 
placed at S in Fig. 1. The distance a (Fig. 1) be- 
tween its centre and the front face of the ioniza- 
tion chamber was taken either as 4.0 em or 6.0 cm. 


The source was surrounded by a léad oat of 0.5em — 


of 1.0m, in order to cut down the, soft’ gamma- 
rays and lower the noise level; . 


§ 3. 


Protons. 


In order. to elimnate the packioaed counts — 
- and obtain the true photo-proton counts, the follow- 
ing four series of measurements were carried out. 
1. The ionization chamber filled with D, was 
used, and the gamma-ray source was placed at S._ 


* The gamma-ray source avas kindly loaned / 


by Dr. Sagane of the ‘Tokyo ints Rae 
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: + Thickiiess er the lead side surrounding the source. : 
: The eee reduced to 1 Sad on May, 1943, from the decay of RdTh. 
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rangements. 
From these results, the difference of tha number 
of the pulses belonging: to the first class, in the 
, first and the second arrangement, was taken as 
the number of photo-protons. The experimental 
- results are given in Tab. I and the weighted mean 
of the number of photo-protons recorded per min. 
Sg given in the last column of the table. 


1S 4. Measurement of the Intensity of 
‘the Gamma Ray Source. 


Since the RdTh source contained a consider- 
able quantity of Ra,.it was. necessary, first, to 


determine the ratio of the amount of RdTh and 
Ra contained - in it. Alpha-rays emitted by the 
* Source was used for, this purpose*. 


» solution and some glass wools were enclosed with 


i it” in ve glass tube, its a iaett amount was taken 
: “out and put in a small cavity of 8mm in diameter 
iv and 0.5 mm deep, made on a glass plate and cover- 
Bed with. a thin mica sheet of 7-8mm stopping 
power. This served as the BApiereay source and 

eat Aga at 8. _The space A is connected through 


a pressure. The space B and the ionization chamber 


> was ‘ile dd ah at 1 atm, and the effective en Septh 


Z ‘a fonization chamber was connected to the linear 

~ amplifier and its output drove, through a scale- 
of-eight counter, a thyratron recording circuit, 

ve ‘The number pf alpha-partieles conten was 300-500 

per min. 

5 ‘ There are only three radioactive - ‘elements -j in 
my the Ra and RdTh series which emits alpha particles 


eect The method has bean suggested by. Dr. 
Sr ae 


"range, per disintegration of RdTh. In the Ra series, — } 


- The method of the measurement is shown in 
Fig. 2. As the RdTh source was in the form of 


of range longer than 5em. They are RaC’, ThA 
and ThC’. In the equilibrium state of RdTh series, — 
ThA emits one alpha-particles of 5.68cem range, 
and ThC’ emits 0.65 alpha-particles of &.62cm 


RaC’: emits one’ alpha-particle of 6.95cm range — 
per disintegration of, Ra. An example of the re- 
lation obtained between the number of the alpha ~ 


particles counted and the pressure of the air in 


the space A is shown in Fig. 3. , = 
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‘Fig. 3. 


‘There is a aeaace jump ob the curve at the 
point where the range of the ThA alpha-particles 
ends. The ratio R of the number of alpha parti- — 
cles on both sides of the jump can be expressed 
one 


| Cra+0.7 Crarn 


R- ~“Che-b0. 65x 1.09 Crarn 
Curis 65 x 1.09 Cram Crat1.80 Crarn 
Cly 


where Cm is the amount of Ra expressed in mg, 
and Cram, the amount of RdTh expressed in: 
gamma-ray equivalent of Ra. Cram should be ; 
multiplied by a factor 1.09, since RdTh disinte- 
grates at the rate of 1.09 times more than Ra, 
when they are both in equilibrium with their 
daughter substances and the gamma-ray ‘intensities 
are also equal. It is therefore, 
‘Cra 1.80 R—0.71 inte 
Cray” i 
Table II shows the results of the measur chien’. 4 
The second column gives the dates on. which the 
measurements were done, and the third and ‘the 7: 
fourth column give the number of alpha particles. ‘ 
counted per minutes before (part 5) and after (part 


a) the ThA jump, respectively. The vat colutin: 
gives the-ratio R. 


\ 


pee of pubes “No. of pulses 


ho arate i hee a POEs MAIN: +: % per min. ate eps Apes, 
sleet Cane Rm tae oe part a. |.» at part b. aie As 

ane Get. 6; 194g lo) BBB. 484) 10.5° 0.86, + 0.025 

11) Oct. 10, 1943 88-4 7.4 \ * B0B.5 +) 4.6 0,85, + 0.015 


“Oct. 15,1948 | BR | Belt 4 | 0.86, Ho, 
4 Oct. 7, 2988 |.) BI#S5 | 88754 5.8 ried 85, + 0.015, : 
1 Get. 18, 1948 23466. | 400 47 | . 087,40 
vane (Oct-22, 1943 | a5 | 8 | OT I 

et Oa APs: "mean 86, 
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; the source, ‘and was taken, either, 


Ny is. the number of the gamma-ra 
at a sufficiently quinn state. mi ih Tab. ae 62 Mev emitted per min. from 1 


of he i ise aM a ae Ra’ gamma-ray equivalent. Since. the, 


6. xc "4 25 (oct 1915) ess: : ‘quantum is ao to be’ emitted en a 


. of t those of Ra series, when, “eae : 
asured with the gamma-rays: are : 
of N; is equal to: pay 


Nth Ny = 8.10% 10° x0. 35% 60%1.09: . 


# rays we 


ere filtered ‘with 3mm of lead. be . 


chamber, and is equal t to 5. AX 10". 
' sity) of pate source. and is iar te 


o bafek 2 
SV eee 


4 


wat the “geometrical arrangement shown in 


ae ¥ @ SDF iis aS ‘source but was distributed fi ina solume’d in n the gla: 


tube. We, therefore, tried to calculate. the cor- 


a po nt souree ‘of the gamma-rays is assumed. ~-reetion due to this finite size of the source by as- ¢: 


wy ; ne distance’ betwe en ene source suming, either, the source to be distributed uni- 


formely in a sphere of 2.5m in diameter or in 


} 


BB: - nan 
rae 

a cylinder of 2.5 ¢m in diameter and of equal height. 

- .The calculation was done numerically ‘and it was 

found that, in either case, the correction amounted 

y to only 2% and they were nearly equal for both 

eases, Table III gives the values of ¢ thus ob- 
_ tained, with three different arrangements. 


F Table III. 
ix 
e a Np/min | @x10-%3 em? * 
_ in ecm P 

1 05 | 80406 | 186+2.1 

1.0 | 5640.6 16.5 + 2.3 

j 1.0 3.8 + 0:4 16.4 + 2.3 

| mean’ 1721.5 


The errors in the values of. a were estimated 
from the geometrical conditions, the errors in the 
e. measurement of Mp and I, The efinal value of o 


- asurements is (17.2 +1. 5)x10- =28:em?, 


i f 
I 


‘The Thomas- Fermi method, or statistical me- 
- thod in many-electron problems of quantum mecha- 
} nies jis sometimes very useful in itself or as’ the 
- - frst approximation to the more elaborate procedures. 
Y But the ordinary Thomas-Fermi equation concerns 
sg - systems, i,e. with the completely degenerate 
A electron gases, so it corresponds only to the states 


ve “at, absolute zero temperature. ' The equation 


pp pxratore: has been aeved by Marshak, Bethe()) 
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~ section, therefore, /becomes 15.3 x 10-** cm’. 


3 obtained as the weighted mean of the three me- 


/ Niigata Higher School’ i oe 


a “only with: the ground state of many-eleetron 


i "generalized so as to include the cases at any tem- 


This value of the cross section is higher than 


any of the previous measurements. According to 


the theoretical calculation carried out by Rarita. ~ ‘ 


and Schwinger, the-cross section should be 12x 10-8 
em? for the electri¢ dipole transition, and $.3x 10-*8 
The total cross 
Thus. 
our results, unlike the previous results, agrees with- 
in the limit of the experimetal error, with the theo- 


cm? for the magnetic dipole one. 


retical calculation. 
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Thomas-Fermi-Dirac eusdnn for not Completely 
By Isaaki Yokota 


~ (Received June 28, 1948) Pi { 


and by Prof. Sakail®) fidouenene and has been . 


/ applied to some astrophysical ee by ‘the: 
formers, 


On the other hand, as has been shown by — 


Jensen, (3) the exphange energy of electrons, which 
was not taken into ‘consideration in’ the. original _ 
equation of Thomas and Fermi, becomes. appreciable. 


when the electron density i is not so large (when i 
MS Vay’ , where n is - the ‘number of electrons” 
per cm* and a, the Bohr’s. ‘radius. of hydrogen 


atoms), as the density of h etait ener BM: inereases 


Degenerate Electron Gases. e - 


st 


-Fermi-Di Ws Equation * 


Sp etek eo cr i 
an ge energy inereases “the kinetic. energies of ‘electrons are distributed : 
_ The” improved _ according to Fermi distribution. ‘This assumption. 


- is not consistent with our pescclanen, because ai 
Bardeen) has pointed out, the exchange’ energies 


oo 


om etely degenerate cystent ae is Peete ~ should sean ne distribution” function, sepeeel aa ; 


Ze filled region. Regarding this, onbee howeve 


eesti n both e feats. be temperature and we have no experimental evidences up to 


exchange. upon the. electron distribution through "present, and it is possible that. the wae tic ) 


ne evaluation, of the effects: of temperature on _ energies which we leave out of conside atio 


i 


4 he. Soe: of ‘exchange energy. mx eh es - this paper: might have an effect comperia ng 


We treat a system composed of electrons anaes ot exchange, ieee 


V 


atomi ‘ic! ‘nuclei in thermal, equilibrium, the latters 


as at. rest. ‘The ae we as is the varia 


at tie. potential “ander. rte: ‘assumption of | erat 


5 distribution. Cae the: ods Sagan thus 


‘under aie’ “additional jeoiien that ‘ihe total 
number of electrons i is pire The result and yates 


gives ‘the ee ee ee 
The above yee are essentially the same. 


" integrand over all angles between. & 


Thomas FarmtDirae ‘equation “valid vat: eee i we have - : 7s 


‘ uv 


zero temperature, in "which he minimized the 2, ir SM Ar AL 
‘energy instead /of ‘the free. energy in our case. i K awe ass Ae _ neh he “o (, Ce 
a however, shall treat the’ tue of tem-— ek ee ira 
‘ce x Flea fle) dear, ist 
(hers so 
ne ALG ny ee ae 
emportae ats any part of ‘the e system con* , Rt pee 


sa ae only $0. the systems ‘of ‘eollective electrons as. 


oe been treated by ‘Marshals and Bethe, and 
- tion we ‘find. . me 


* The first step of integration can be eaeries out | 
_as usual according to the Sommerfeld’s method. y; 
But in the second step the integrand has the singu- 
larities ate = eo» &, being the “Grenzenergie’’ in 
- Fermi distribution, and some devices are necessary. 
in calculation. ; ae 


biel os 


1 toeton of ‘leetron density end temperature. 


2ne?h? f 
V=— BER Cr {2,247 (kT)? 
mis x(—2 log 74 nh, (5) 


“where vr is a numerical constant which contains 
some definite integrals.** But its numerical value 
is trivial for our present purposes. 

As well known, ¢, is given by \ 


wm (kTY 
12 Coe. 


eo = fga— 


pa: 
: temperature and can be expressed as a function | 


ay 
oo Of the electron density » only: 


3 


ma ha ngs ae 


eee 3 3 pokes 
daze (2): V8 niB+ Soe (DY 


h? 


Re ih 3 
— * (198 mica Be” ant (6) 


a energy Fein can be written .in terms of the 


aie 8h? /-8 Br 
fia 20) sea a F) eS eDF ms. (1) 
- Now the density of free energy f consists of 


“three parts, the kinetic (7), the Fann: (8) and 
the Poential terms : 


x last being given by “ 


bts 4 ! 
 Upot a erase , (9) 


where @ and ¢ are the potentials due to ntislel 
and electrons respectively, and the latter is con- 


We fee da 1 etn dos & 
eae I at ] et Do av 
eS °1 dx i 

r 
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where «,, is the “Grenzenergie’”’ at absolute zero 


it is easy to see that the density of the kinetic __ 


SF =Shint ext Upor y : (8) 


49 = dren. ao) 


integrating (8) over all space, we hive the ‘total 
free energy of the system: 


F= (Fatt the a+ Upoe)dr, \ (11) 


Now thermodynamic principles: require that — 
the free energy of the system in the thermal 4 
equilibrium must have the minimum value con- 
sistent with the given temperature and external — 
parameters. This requirement, together. with the 
subsidiary condition that the ‘total number of 


electrons 
wNeE { nde 
must be constant, gives the variational equation 


Ie t= (12) Pa 


Share 6F/in is the functional derivative of F 
with respect to , and 4 is the tagrsua multip- — 
lication factor with minus sign and: corresponds — 
to the chemical potential per electron, ‘ 

From (6), (7), (9) and (11) we find the. explicit, ! 
expression of (12): 


I Ge) 86m (8 
=H SE (gta we age a | 
—e(O+e+—) 2g Beas a3) 
Now we put 
: f oa 
F=O0+e+4 = v+e ool <a 


where V is the potential at the .point consider6d: > 
Then, we see from’ (10) and (13) that ¥ satisfies iy 


21673 ris me8is 


edi 78— g  (4F ye, ye Pe | 


28/8710/892¢4/3 
inary Banana 4) we Bae aH a 


_ 288mebB _ fe 
32 13 he e , , 5 . ; Bone ¢ 
-which is the required equation. fice 


We see that the equation (15) agrees with. the” . 
ordinary oie Fermi- ‘Dirac Pere ic when the 


we see that, if we omit the terms 5 which origina 
- ‘ j 
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2 Viscosity « of High Polymer Solutions, ale | Rigid Skein 


“HOA 2 


By N sbuhiko © Si. 


S| ‘treatment ‘the, skein model Moe 


a < 


rs s has. been used by ‘several authors!) 


viscosity of dilute solutions. : 


cee pene there are some ath ss 


ne 


~ particle are 
| Ms ci) “in facsystomn, na betwee yk 


7 aa the anleyine vee ce 
at : oe Me : ae C 
The velocity of ‘the Sie is assumed 
Haya cas 00 
eo Chat page 
ke eh eee 
o ney a-system or Ge gan ae 


o=Bs, B B= (bu) = AGA 


0 F scerite case., Debye’ S DE “ 
he > simp est grasps ‘the “essential eerie 30) Ens-system, i Pherefore the velocity of the ‘ith al 


particle relative to the flow will be [o, se in i 
az) <-system, 2s, ©, Oc) being the angular velocity. ae 
‘of the rotation of the molecule. Hence the force — 


‘vent, and a constant. 


mass of the particle. 
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upon the ith particle is- 


Ki= fn ad(o od) —B ai), tay: 


where a;, 7, are respectively the radius of . the 
ith particle, the coefficient of viscosty of the sol- 
The moment of force about 


the origin due to the ith particle is 
M; = [si, Ki]'= = —f 72 ail s;, [a, siJ— +B s:], (5) 


By the assumption 2, 5] K, and 5} M; must yanish. 
We can choose the origin of the coordinate system 


_ to be the center of mass \and é7s-axes to be the 


principal axes of the moment of inertia of the 


molecule when a; is regarded .as if it were the 


Then the relation >'K;=0 
is always satisfied and the relation 3! M: = 0 leads 


- to the following three relations. 


— § On = 6 cos $+ ¢ sin ¢ sin 0, 


ox Q4R) = b52Q—b.:R, 
o,(R+P) = b3R—);,P, (6) 
hh o(P+Q) = ba P—b,2Q,; 


where 
Y 7 tee Ddeer, 


2 and the relations 


Q= Dan’, R= cio (7) 


“Badin = 0, Dans: = 0 Saise&=0 (8) 


' are used. From the definition of B, we have 


We = OA. A23Q—Ay; a2, R)/(Q+R), 
On = 9(A13 In R—Gy, Gy, P)/(R+P), 
_ = Cian Q22P —ay2 Mo) Q)/(P+Q), 


| (9) 


where ax; May be expressed by’ the Bulerian 


‘angles 6, %, ¢. On the other hand we have Be 
- nerally. 


o = ¥ sin ¢—¢sin 8, 
(10) 


oO, = $+ cos 4. 


/ 
From these relations we can determine the 


~_ motion of a macromolecule in a laminar flow. In 
particular when P = Q, 


Re. ; 
sin’ @ sin 29, 


| (11) 
Wiss $ cos 6 (1 ~ sind 


i =P-—R-; 
t PLR i a eed 


_ where 


‘92 = 92 = —(w~—w») sin @sin ¢cos ¢ 


933 = We 


which shows the same motion as that of’ the — 
ellipsoid of revolution-derived by Jeffery), if we 
appropriate P, Q(= P) and R to a’, b= a") and © 
c’, squares of the halves of the axial lengths of =| 
the ellipsoid. 


§ 3.. Influence of the Brownian Motion. ~ 


The distribution function o0(9,¢,¢) of the 
orientation of ‘molecules is influenced by two © 
effects: The one is the effect of the systematic 
movement of a molecule calculated above, and the 
other that of the rotational Brownian motion. 
the rotational frictional constants we, wa, we Rae 
three principal axes are all equal to unity, we 
have the following equation for the rate of change 
of the distribution function, 


However, when Wey ‘wn, We are not equal to each 
other as is the case under consideration, _ we can 
proceed as follows.©) The energy dissipation by 
an infinitesimal rotation of a molecule in a fluid 
at rest is described by 


> 

dp/0t = —div we+kT divgradp. - (12) E 

4 

dW = w(sin ¢dé—sin @ cos ¢dy)? ! 
+-w,(cos ¢d0+sin @ sin ¢ dy)? 2 


we(gos ade+dy)’. ) \ ~ (18). 4 


Puyaee 


ay = We ws (sin ode —sin 0 ne ede), 


dy? = Ww» (eos ¢dd+sin #sin vde), { (14) 
Pie 


dys =<, we (cos 0d0+d¥),- Z 

then ae. epee a 

Ah Wie Cay +ay'y +(dy?, 45) . 

On the other hand dW is a quadratic Sora of do, 
dg and dy, that i is, 


dW ‘Sk dict dc’. i aN 9) A 


(da!, da*, dx*) = (d0, dy, dd) 
11 = We Sin? ¢+w, cos? ++ we cos? 0 


is = 93, = 0 
922 = We Sin? 0 cos? Y +1, sin? 6 sin® 4 ie COs? D 
923 = J32 = wecos 8 


We = = FulQrR et ete. 
rf We. have assumed we @ then. ‘e pitas poe ae 


a = np = ys PUP +R) 


j 


ee eoneay. with fundamental _ cf gigs aenas? ie, 
he defined a by. Foe 1, In our problem ee Sa Intrinsic © Viscosity. 


alot = = gr Abd further if we bie “unit volume per ‘unit time to’ that for se 


1 the sake of ‘simplicity, then ras Es = Wn = S190 | . solvent, W,, : caused by the — ‘presence a nigh 
(see 4) and a. (2) becomes - ee, mi Res! is'-- x sey * 
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se tas AN aS aie 
» cosé ° ab a ag. Re Wee Wy N K, @, 8;|—v; 
ah tlt Be Jou ie 0 5 [ «] 
ind 00 09 OY N E “9 (PRY ie 
¥ = ni vl 


et io Be 


ae oe) 


. ma) ‘sin’ oe 


x < sine 


the solution and W, equals to a 0g’ 


‘ f viscosity v7 is ‘defined by. 


: We ROE Oe fone 
es Cem et Nias 
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a “iit = = ep = ae ME: 


rik) assumed that the solution = 
“qap[N M here obtained is ‘nothing bat. ‘the 
viscosity, M being the 3 mass of the mo ernie 


> 


-eoefcents. a Wee ht a eae 


= _ F must be averaged b } ae : 
oe to cealealate the frictional. i  frsckes Sea Bids: 


eed not ‘take account of ‘the Ptah, — Apacs “TPEE2IPR42R? . 
In our cas ene necessary. only Pepe ete a. Ss OOU Ry se a ae AA 
For the ‘resul- Bye Le Na aby 8). 16R— mony ge & ys 
6 jolt” ferent D (25200 ; 
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In particolar when P= :Q= R, 


aa ‘ ms 86. Discussion. 


e Although we have | ‘assumed the molecules to 


be rigid, it seems absurd at first. sight because of 


hep te its vivid micro-Brownian motion in a. solution. - <a 
cs ea 
; (abhi : ‘However, this micro-Brownian motion has no effect a 


on the viscosity. This is easily recognized when 


NES) tng : < , be a Ta 
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we consider a molecule in a solution at rest, 
where also molecules change their internal con- 
figurations by micro-Brownian motions, but the 
energy dissipation does not take place. 
only to consider rigidly fixed configurations one by 
“one, and then average for such configurations. It 
is supposed in the preceding sections that P, Q 
ei z ’ and R are invariant during such micro-Brownian 
motion. If there is a velocity gradient, however, 
the micro-Brownian motion will be different from 
the case at rest. Nevertheless, when it is too 
“strong to be effected by the velocity gradient, it 
would be reasonable to regard the molecules to be 
- rigid. . 
In conclusion we wish to express our hearty 


(Read May 22, 


Reo 81. 

In the. Srceaings paper, Part I, we have 
; treated the viscosity of dilute high polymer solu- 
_ tions with a rigid skein model, which is justified 
in the case of such a small velocity gradient that 
_ the statistical molecular sizes, that is, P, @ and 
defined by Eqs. (7) in Part I, do not change 
with time. Strictly speaking, however, this is not 
true. The micro-Brownian motion will be effected 
on more or less by a velocity gradient, which causes 


Introduction. 


‘alee the change in P, @ and R. \It is the purpose of 
er 4 ~ this article to give a remark concerning the effect 

at q of this change in P, Q and R in the Hye dimens- 
: ional case. 


We have 
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_ two rods, one of which is: perpendicular to. 
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§2. Effect of the Change of the In-| 
ternal Configuration. § 

In Part I it has been shown that if PQ ee 
R for one molecule are equal to those for another, 
the contributioh to the viscosity is the same. The . 
fore, it may be permitted to take in place of a 
complicated internal configuration such a model fe 
a high polymer as is shown in Fig. 1, that i is, fou | 
spherical particles are symmetrically connected by 


other. Moreover, if a molecule changes its in ern ' 


configuration by the flow, it will exhibit : a rubber | 
like he and then the rods connecting parti 


+ ne 


ye 
( asi ‘sin 0 1 e080.) 4 8 deat = = = 0. is 1 


‘ The distribution function 0(0) of the orientation 
: of molecules is determined Bx, 
ve uM é = j4-DAo/00 = const; 


OT REV Ty 
; Ww <3 181" ans?" 


i? ae: : "These equations 3) and ) can be solved b: 
: “power series ‘of g, w which are assumed to fe 


: Mollowing forms A ars en 


ee peman an) 
ig aaee Lay, +9Gr+9°G,+ +++, ‘e 
; ee Ln eee 
‘ yes om Fen, 


“ eessively.. ‘Thus | we obtain 
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Was 


int i, sin? 6 cost 0 
ale = oe aon sin @ cos a are, 


Ne any re : Rea 
e Bs Giant + 2! sicad ee : 


re almost. analogous tot those i in : 


- 


a 1-pe cos 2) 


ne ‘The “veosty sradiont 48 ae in? 20 cos 320 ae. ae ) 
is shown in ae a ‘The AE, LG LOR gE SE Re 


=H 4D, snooty relate ee 


y | au asec : Pp. 
he foe ion of the molecule, ‘that is, HARE at Ra arena oe cos 40 00840 /R mek 
reer Bee cet BBY oe 64D," x “ISDE +E) tee T)/. 


(ath md (2) t: ss Bu _ Viscosity. SS BA ae 
ds at) = — kom), 7 5 , 


unit time. caused by one moleeulé 4 in the dcreation , a 
of 0 is easily obtained as in Part I, with the result . 


a 


Bite tei oer ee Sie Pag ® . ee 


)4 W = 2f2[97(a18;2 sin? @+4a,8,? cos® 9) + 6(a,8;° +4282") 
+(ay8; --a,8,*)—29{ —W(a1s;" sin? 9 +a,8," cos’ 6) 
+(a,8;3; —a28282) Sin 8 cos 63]. i (9) 


_ Substituting Eqs. (6) into Eq. (9), and averaging 
with the distribution function p (Eq. (7)), we: finally 
On obtain 
We SPER Py PER: pl 

ing (Ie) te? ‘leap, 
1 p(t 


bce ca\s +=) } +o Ges 0) 


If we assume P = se, tts Ga oat then™ ms ang and 
‘Eq. 10) Reduces to 


A, 9 seh aa Zan be 
Mase rb ST 
AW = Briel rie | an (LEYS 
ee This result shows a sort of structural viscosity. 


. The second term explains the deviation from Staud- 
4 .  inger’s rule for intrinsic viscosity, which is derived 
Bin. eet the first term en as is shown by Debye. (2) 


B4 Streaming Double Refraction. 


- Following the simplest theory of the ciuane 
“ai ing double refraction due to Boeder, (8) it is possible 


a to calculate the abuble | relraction: -Polarizability 
- tensor of ‘a molecule will ‘vary with the deforma- 


- eribed by introducing two constants « and &, as 
a follows, 

Cy = Cy +%(8;—8 40) ) : 
: ; f (12) 
| Cy = Cap +B(S2—839) C3 = C50 i 
My ‘If the moleeule makes an angle @ with’ a-axis, the 
te ody polarizability tensor cj, becomes 


Cy "Cy cos? 6+¢, sin? 6 
"Cy. = Cn; = (C;—€,) cos 6 sin 0 Bey 
| Cyq = ¢; Sin? 0+, cos’ 6, 


C31 = Cys = C23 = C32 = 0, C33 = C3y 


_ By averaging with o (Eq. (7)), we obtain the 
pelbricability tensor of the flowing solution in a 


" Couette apparatus. In this way we have 
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d He ~ 
_ Assuming P= R, ty = t= T, Cro = Coo = Cao = Co 


tion, Therefore, its principal values may be ‘des- | 


--can not. be given. 


" (1). N. Saité: J. Phys. Soe. Japan. (1949), 85. 


gt cee Cro—C2o OP 59 sin fete 
‘Gq Cad 64 DF 322 ty? <a 
' oP A819 F820 ; 
ae Dy (= ca ) 


Cyo— Coo IP, J 2816 B825 . 
2 = 16z 8D, =A t t, ): 


The extinction angle z is determined by 


; 2¢ 
‘ tan 2% = —4— 
"ic 1122 


The strength of the double refrastions “anit is ap 
“ 
proximately proportional to KG te) Flew, = 


Anw ¥ (641—Go2)? + 4E,2° « (17) 


a tan 2% = 4r/5g 


Anw 


2 ees onde ‘of g? 


The first terms of a (14) and (15) come from 
“‘ Eigenanisotropie ”’ aa Formanisotropie” 
the second from pe ereeeonr * ”. Assum 
ing that « and £ are positive, as is easily seen from 
Kgs. (17), (14) and (15), and that 4» is larger than the” 
case when 1/t,;.and 1/r, are zero, which explains ; 
some extent the deviation from Boeder’s theory of 
various experiments of Signer and Gross, al 


though complete explanation of all the eate ena 


In conelusion we wish to express our since e 
thanks to Dr. S. Oka for his useful ace 
given to this work. ed 
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fe =e TNS .y 


§ 1. ad “Introduction. a 


a "Previously the ig sapien i ihe Lee 
( 3 the: dielectric: constant ze rochelle salt at 


_The thin a-cut crystal plate,’ es sides: 


tle 


' are’ inclined 45° both to band c-axis, 
~The circuit diagrams are shown in Fig. 


an a. c. milliammeter df a rectifier type to v 
Therefore, it is antici J i 


} es and the humidity. ) os 


, 


: - stant does. Ain ete experiment, the piezoelectric 
ze modulus of rochelle salt + (die) and the ratio Ge the a 


the measurements in ins ion frequency range. 
Now, denote the. thickness and the length of the 
% two-sides of the: plate by a, b and ¢, respectively. _ ; 
(a =9 mm, b = 2.4 em, ne t8 cm.) — When | the cha 
s “normal force F is. applied on the side plane of the ars 
- length c, and ‘the load impedance is os dv. Fig. ve, ay 
the voltage between two electrodes is 


> SSS 


(1) 


ei -where Cy = bce,/4na is the capacity of the freely 
. _. deformable ‘erystal plate, » is the circular fre- 
mie quency and 7?.= —1.(6)(3) 

(a) The measurement 6f dy4/ea- 


The cireuit (a) of Fig. 2 was used. In this 
“ne case Z = o, and (1) becomes 
cet 8 (2) 
" Cc &4 


Fa 16 grams weight (effective value) was applied. 
(b) The measurement of d,,. 


The circuit of Fig..2(b) was used. In this 
case Z = 1fiw C., and (1) becomes Ny 
eres 
. ee ee pGies 


si . UF = 160 grams ele and C, of about ten times 
eG (10-1 ~ 10-3 nF) were used, where C, is the 
ose capacity of an air or a-mica condenser. 

* .-(e) The measurement of ¢,. 

is t The measurement of ©, was also done, using 
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- of d,, and ¢, may be those of somewhat indefinite 


‘ because of the large surface leakage in the room, 
humidity. In fact the value of d,,/e, at 17°C in 


" leakage. 


the~ cireuit (c) of Fig. 2. The low. frequency 
oscillator was constructed with the photo-cell and 
the: eecentrically rotating circular plate light inter- 
ruptor. In this case, when input voltage is Vor 
output voltage is 3 obviously 
\ | 


Ve= Vogt (4) 


G, 


The results are shown in Fig. 3, where the values | 
of dy/ea, di, and ¢, were calculated by (2), (ey ; 
and (4), respectively. 

All the experiments were done at room tem- 
perature and room humidity. Therefore the values — 


condition, because they vary very slowly with tem- 
perature and humidity. Also, the measurements — 
were difficult at the temperature higher than 15°C’ 


Fig. 8 shows the tendency to decrease with. fre- } 
quency, which seems to be due to the surface 
Accordingly the measurements above the 
Curie temperature (23°C) were done while heating 
and descicating the crystal, and it. was found that 


Ap ot \ 
xi0 


trie constant at high frequency) can not. be treated 
A with the same value of the clamped dielectric co 
~ stant, and Mueller’s opinion must be modified ah 

the ferrcelectric range, 
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crystal, or the- - clamped dielectric constant of 


Vinee 


en the static: phenomena (e.g. the spontaneous Zi (6) Y. Kakiuchi: 


Doe i 
+ ‘ : is a : " =. } 


eb On the Mean International Blectrical Units. 


2 Ue Le Lean By Sytiz0 Mivaxe, — | 


| Blectrotechnical Laboratory, Toby. 


(Read May 23; 1948 ; Received August 8, 1948.) 


Sane Bee oo ; bg: 
ay ae ae ee i ie ik : ‘ riba AMI 


a & Standaeds in 1 1908, “were # apalahed ‘on January 


Pxist, 1948 | in aecordance with the resolution of the _ Laboratory’ ? written in Japanese. The compari 
unser the auspices of the International ae a 1,0 


at: ss 1946 and turned its position. over to the absolute 
ee units. "The: ares of the electrical 


_ Tables I Aue TDs 


Suffix M of 2 sions the mean. A, E, F,G, J, U ; 
' shows respéctively the initial of French for the ae 
name of country. aa 


e 


Table I. 
The Comparison of the Units of Resistance 
of Various Countires. 


Nov., March, De-c., Feb., 
1933 1935 1936 1939 


| — a 
be ; Qu Qu Qu Qu 
Germany @4 +10.642 + 9.842 + 6.642 + 9.142 


-Ameriea Qr — 6.4 — 5.5 — 3.7 — 3.2 
France QQ, +-73.0 +69.5 ore — 
(modified) 27 — 0 Waki 0.9 > wer ait 
England 9, —5.2 —36 —39 —65 
Wer gapan °-@,— 8.3 —11.2° —10.0° 14.4 
' USSR 20+ 9.5 +10.6 ie sate 
(modified) @7  —— 0.6 —04 +08 
Table II. 


The Comparison of the Units of E.M.F. of 
* Various Countries. 


Dec., Jan., Feb., 


1934 1937 1939. 

SS canes Vi Vu Vas 

Germany V4 — 4uV —7.3 eV — 5.5 4V 

America Vz —12 —9.5 —11.2 
nt Franee je Voge —76 -— —- 
(modified) Vx OF +18.5 
England Ve +.5 +7.6 ++ 16.5 
Japan Vy —2 +0.7 + 1.3 
52 USSR Vo +13 Hee Li agy 
2 | (modified) Vo 0 BH een 1 


ex, Suffixes are the same as in Table I. 

_ As the results of the comparisons of resistance 
in 1935 and of electromotive’ force in 1934, the 
_ ‘mean international units were established upon 
_ the mean values of the units of five countries, 
r. Gefmany, America, England, Japan, and USSR. 
“ While, France deviating from the. above five 

countries, made her units in accordance with the 

_) ‘mean international units. after having modified her 
own units. Hereafter, from an independent stand- 
point, USSR amended and made her own units in 
accordance with the mean international units. 

Therefore glaring attentions are necessary to pay 

for the fact that the sum of the difference since 

the year of 1936, Tables I and II, do not prové 
zero. 

Now, since the establishment of the mean inter- 

- national units the mean value of units maintained 
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by the above six countries has been pledging them-. 
selves to be unchangeable as yet. The relation 
between the mean international units and the ~ 
absolute units has been recognized by the Inter- 
national Committee in 1948. It runs as follows: 

1 mean international ohm= 1.00049 absolute ohms, 

1 mean international volt =1.00034 absolute volts. 

The International Comparison, which was in 
abeyance since 1939 as a result of the World War 
II, was revived in 1947. Being invited to take 
part in the comparisons, the electrical standards 
of our laboratory were forwarded to the Inter- 
national Bureau of Weights and Measures. The 
measurements of the comparison are now going 
on. Great hopes are entertained for the publish- 
ment of the results with keen interest. 

The point that the author wants to discuss in _ 
this papers is to investigate. closely the pledge ‘‘ the 
mean international units maintained by six countries 
are unchangeable ’’, which was decided at the time 


when the mean units were established. 


§ 2. The Theory of the Mean Units. 
i=1, 2, 3, 4,5, 6. 
x0): the true value of various countries’ units 

- in its initial time. 


Po sees vn Nea betas 5 ip eae nil eke einttacR tant et Ka Wn Ph Ate — 


ai(t): the true value of various countries’ units 

in the time instant “t”. 

am(t): thé mean unit at the time instant “¢”. | 

k; : the’ coefficient of the secular change of 
various countries’ units. 4 

km .: the coefficient of the secular change of © 

the mean units. , . | 

Suppose these, and the relation will be followed 
thus : ice 


ait) = a,(0) a Ket. ‘ 3 ).a3 
- aint) = 1/6 S(t). (2) 

am(t) = am(0) + Kt. a dae 

Vint 2 BSS, Sy ok ee 


Till now this k» has been pledged to be equal to 
zero, but in the manganin standard resistors, which. 
have been maintaining the unit of resistance 
practically, it is well known that they inerease — 
their values gradually, even though they are of © 
superior quality, with the lapse of time. There- ~ 
fore, ki is understood to be zero or a. positive! 


a ace of the mean international units taking 
the French and USSR’s modified units into ¢ Ns; 
if sideration, Tables III and IV ean be obtained. ie iy 
“4”? shall be counted by month iad: the tim 


ease Sean, even though thoy are of superior Er units as abe initial. 


4 quality, as the years go by. Hence k, is taken 


: : Table. TI) =o hae 
to be zero or a negative quantity. - Therefore, Sql Tha Value of Vis\iaa-to Reuetatenia ae 
: will not. proper to pledge km, mean value, ‘is a nee a as 
to be zero. ale it be so, we shall consider hat a gy tele t= bane 
value lem bas, : Esha AY NW sige pi: Riyeieea) 8(0) 6,21) B47) 
Ne Ss Put 3 Hn yc Sir ehar ; Germany O4 M115 LQ 
es : at) = at) tnt). tr @) _ America Gap); bee Buy nis: Gee 
‘This is the’ difference between various countries’ Fr ae. ets a HA $2.6 : “ 
units ¢ and” the mean units, and nothing but the» England Get ee LO een a re 
; ¥ ‘numerical value measured at the International Com- Japan Oy OOS | —8.2 ook ‘ 
Ee. eo 4 apn ba USeh ee Su. 8 Was. - : 


Siena. ied (5), it Rollbas that, 


aa S, Table Iv. 
Aca add) oj = (0) ok ket a tn(0) sh Sees The Walue: of 9,(é) as to Hlectromo 
F e tee = 4,0) + (Hes — Kem)b 
as t=0 bie 2 ; 


ses 


"After ‘transferring 8,(0) to the left-side, s square ee eras . 340) 3A25), - 
ae sum up with respect tom eaits, Then we have, ° ORB REONYT TEA aa 
‘Pade Germany o4  —19 av 


E00 - — BOY + = (She 2— Dim Sikes £ Glen) America = dg —9.8 


ibe ies = Seu e —12km a4 6 em’ )t? i tila Ys France” Ba iw 
7 es rai a = (Bhi —6 kn’)t. BY 5, a (6) ' England|. 6, +71 
Assume a relation. between Shi and es that ky Japan ‘07 +0.2 

ro takes a positive quantity only including zero (Qnter USSR ; og Bike eA Ae ae : 


axe. of resistance) or takes a ‘negative quantity 
Bs only including zero (in case ‘of electromotive force), 

& and also. the distribution’ is considered to conform 

to the Gaussian error function. Ue? | ek 
are TE SO, it turns out as follows Re the theory of : ie, 
“errors, . BE vs Bore thetic 
ses } oy ae a eee 


: be ; " J , 


pat Bht = 5 9425 eats ey D) 
- Putting @ into O we have he = Table IV concerning the electromotive dls 
%; ess, ne igs ry b 6,(0) 2 ae e 2 : follows. i Aged wer 3 
By 2 s on! bea BE i e r 5 : (8) In the term from Dec., 1934 to Jan., gost, ae 


Kim = —0.17 #V/month. 
can ‘be obtained Se using a, and ie 


Thus kn J = 
y ‘ _ In the term from Dee., 1934 to Feb. 1989, 


km = —0.32 #V/month, 
# - ee the. ee of Tables: I and II, if we o ‘The values of kim above obtained, concerning : 
he. subsequent EES of ‘0; since > the estab-. _ the resistance, are close to the value anticipated 


t \ 


i> 
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once, but concerning the electromotive force it 


- appears to be larger than expectation. 


The followings can be regarded as the cause 


- without such a satisfactory coincidence. 


(a) The International Comparisons have been 


_ performed only three times since the establishment 


of the mean international units. Consequently we 


’ ran short of data for investigation. 


'(b) The way of judgement in which the units 


_ of various countries increase or decrease linearly 


_ with time admits of further investigation. 


‘(c) There is enough ground for investigation 
‘in seeking for k,; on the assumption in accordance 
with the Gaussian error function (one side of 


x positive or negative region) for the distribution of 


Gaus 


aD 
vit 


(d) Further on there is room to be left for 


= investigation for -the present pledge on which the 
es mean units are decided in comparison with the same 
& weight for those countries where the units are ' 


maintained with various constancy. 


: 4. Conclusion. - 


Abstract. 


The complex plane impedance ‘inducisn of cry- 


; ‘stal rectifiers were usually analysed as a circle. 


- The ‘observed results on cuprous oxide rectifiers 


deviated considerably from a circle. To analyse 


the results, the writers used the series resistance, 
_ R,, of the bulk part of Cu,O derived from static 


current-voltage characteristics. Then, Z—R, = Z, 


Passing discussion upon the pledge ‘adopted in 
the case of introducing the mean international units: 
to data—the mean value of the units which have: 


- been maintained by six countries is unchangeable 


with lapse of time—the {secular change of. the 
mean units is tried to be calculated on the assump- 
tion that the units of various countries sustain 
linear change with time and the distribution of 
the coefficients of secular change is done in accord- 
The 


ance with the Gaussian error function. 


results of calculation appear to bea littlelargeras 


compared with what it is. With the increase of 
the materials for the International Comparisons. 
in the future, the author believes that the above 
theory will be proved helpful to the exact mainten- 
ance of the electrical units by having these 
assumptions amended so as to be in accordance with 


practice. 
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gave the impedance of blocking layer, and Y; = Zs 
its admittance. Denoting: the zero frequency con- 
ductance by Y,, and putting ¥;—Y;, = G+ieC, 
dispersion of G and C was. defined experimentally, 
at various biases and temperatures. A patch theory 


of the blocking. layer proposed to. explain the 
dispersion agrees: with the Cyeenees results bie 


tatively. 


3 (Wal. s 4 


pi rw eather el any om ORES na hw lie BE in tn tN tang ape tne Wert 


bic is the ADA TRSE locus of the impedances 
‘measured at various frequencies. — As the form of 


-writers in the previous: paper) assumed it as a. 
, circle” with the center ‘on the real ‘axis, while 
: Wood) Fink and Adler(), and Tomura”) as a 
is circle with the center below the real axis, They 


Ey defined Rs and By from the points of intersection 

é of the ‘circle with. ‘the real axis. Wood, Fink and 
. ‘Adler, and Tomura obtained the law of Coo o-* for 
the dispersion of (en ‘Considering that lina es co, 


bis. law cannot hold when the Renucney becomes 


oN 


: very small. 
We define the term “relaxation ‘of peobinieanion’? 

: to. imply: the failure of the: simple expression | 
es = iwC+1/Rp (both Figs and C independent of 
: _ frequency), that is, the increase of conductance 

and decrease of capacitance along with the rise 

in Bnei ‘The effect of relaxation on frequency 


: bisinall Reals he. “eapacitance to & barley: 
Ne “constant | and the - frequency ” “dependent | part: of 
_eonduetanee. to be. nearly zero, in other, words the 


Gee and admittance curves cut ‘the real 


axis at right angle, when’ frequency becomes Zero. 


“The irregular change of R; with bias By 
Schottky and Deutehmann’ S work may be attri- 

fe ‘puted to a rough ‘measurement of impedance or 
a ‘the: inadequacy of the analysis by circle. As for 
the papers of Wood, Fink and Adler, and Tomura 
only a ‘part of the circular are is ‘covered by. 


5h" 
\ 


8 2 | Experiment and Analysis. — 


Sac the activation energy for backward current 
was estimated to be about 0. 32 eV, which was. con- 

ee siderably lower than that of slowly cooled samples 
ee ~ “whose activation energies ‘were 0.5 to 0.7 eV. This 
18 that for some Meta of the iplocking layer, the 


Seharanteristies, Re! peep ines nearly consta fo: 
: the hee forward bias. Considering, the fact 


ie this diagram, Schottky and Deutchman,() and the : 


4 ~ 


Ass 4 PG Ae: Bias in Volts 


‘ehserved ee hate i et eee : ey ae 2 


oF om ‘the log J versus WT curves for ‘various 


‘example. To analyse this result, the above- 


a shows the differential resist 


Resistance 


MO Mpa stl 
Fig. ay Differential resistance | 


zevo-frequency 
measurement. 


Impedance and admittanes diagram 


Fig. 2. 
for 0°C. 


The bicioocd eavhe dee diagrams at 0°e for 
three different biases are shown in Fig. 2 for iy? 


i 
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mentioned value of R,, common to over-all biases, 
_ is plotted at first, then Y;= 1/Z, = 1/(Z—R:) is 

plotted on: the same figure in suitable scale, the 
To compare the a.c. impedance 


Fe SS eh 


origin being Rs. 


eae 


with the d.c. characteristics, we obtain the zero 


ae 
af 


frequency admittance (or conductance), Yz, by 
the extrapolation Y; onto the real axis, then 
By =RstVYn. Z's are plotted in Fig. 1. 
- The fact that the admittance becomes ever" 
smaller and contracts near the R,, supports the 


aa fu oe 


age 
Se ecielt = 


a> 
err ra 


“g correctness of this analysis. 
 ~-Putting ¥:—Yn = G+ioC, G/o and C are plotted 
one against frequency in Fig. 3 for three temperatures 


and five biases. At higher temperatures, C is 
near almost flat at lower frequencies as is shown 
oh very clearly in this figure. 
: Conspicuous features of the dispersion of C 
= and G/w are as follows. 


1 10 kC, 
Fig. 3. Dispersion of C and G/w for several 


~ biases and temperatures. Each group of curves 
4 for three temperatures and for both C and: G/o 
= corresponds to the values of backward bias 0, —0.6, 
K sacl, —2 and —3 volts from up to below, 


1) Curves upon the whole shift to larger fre- 
| _ quency ‘with the increasing temperature. 
e ‘ 2) The values of C and G]» decrease with the 
increasing backward bias. 


cary 


; has the maximum value, is 0.32 eV. 


‘different thickness’ are considered. The Ys corres- 


. part of the blocking layer, whose equivalent circuit. 


If we gefins the @ oe maximum Glo with @m ri 


Ne a (Vol. 4 

3) The steepest change of C corresponds with — 
the maximum of G/o. “a 
4) The activation energy of o,, where G/o — 


§ 3. Theory. 
To exlain the observed dispersion of -C and Gla; 
the equivalent circuit shown in Fig 4 is proposed 

This is the simplest case of ; 


Wagner’s theory of dielectric after-effect. “The 


by the writers. 
origin of these heterogeneity, say Patches, are 
due to the local variation of contact potential. 
difference afid that of.the thickness of the barrier 
layer. For the sake of simplicity, two parts of 


ponds with the spreading resistance for the thinner 


is preseribed as rp and c¢;. 


Cu,0 blocking Cu 


laver 


Fig. 4. 


Fig. 4. Equipotential surfaces of patches having: © 
the extra spreading resistance and its equivalent 
circuit.) 


Then 
Yi = an +O st Sei : (©: me 
Ya = te yp a § 
Yow = lim Y= pot 3 & ; : 
Putting a5 = G+440C, 


Prat {orrs/ (rs+1p) a Cc 
1» 


a ie ce 7 


hr, + <a (orrsy © 4 


@, mp lane % 
Ts¥ pC; 
G = ete f @/ Dr 
ak: Ms+%p) —'1+(w/o,)?” 
Cac, mets es Baa oF 
Sh ( sera os 1+(/m)?* 


‘ ~ observation. But, in order to determine values of 
Rp, Ts) Tp, C, and C, and dependence. of a: 
on bias, elcser experiments will be needed. 
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If we ‘wish. + ‘apply the A atiotionl theory of 
’ binary alloys to the ponies: eonerEne other co- 


“age of the theoretical esi, covering the entire. 
. However, 
& ‘many eae appeared barerorore fac beet chiefly ‘paper, but it may rather be poe as 
3 concerned. with stoichiometric AB caseland AB; case, embodiment of our paper a y ‘where | 
< and t their main efforts have been always directed ee formulae were developed without numerical 3 
oe to “the fondamental refinement of the method itself ; 


gi. Notations sal | Definitions. 


@ intuitive, we hall hereafter use new notations ie 
and parameters which are ‘to be defined as follows. | 
Let us suppose that in a given sae of. 


> 4% 


— 
< 


an alloy there are N lattice points (sites) occupied 


by N atoms, of which [A] are A atoms and [B] 
are B atoms. We shall introduce a new parameter 
8, so that : 


‘fA]= i 46. TB) = . (ee (La) 


Let an A be classified as As or Ag according to 
whether it is on a site « or ona site 8. Similarly 
let a B be classified, as Ba or Bs. For the degree 
of long range order, we shall introduce a new 

ine parameter s, slightly modified from that used in 
the paper I, so that 


[right atoms] = [A.]-+[Bs] = a (+s), 


4 2 

2 (1.2) 
* [wrong atoms] = [As]+[B.] = Was). 

e _ Then we can write down 

‘ee nN 

. [Aa] = va (1+@+s), [Ba] = a (1—é—s), 

Rs (1.3) 


Ve Bien NT N 

» [Ag] = i (1+6—s),.. [Bs] = 7 O48) 
’ at 
it “At -In order. to describe the degree of local order, 
$ we have to count the numbers of atom-pairs. 
_ Here we shall introduce a parameter , slightly 
at modified from that used in the paper III(@), so that 


Biright: pers} = [AcBs]+[Bx Ac} = x (Ler) 
3 ; (1.4) 
~ | bwrong pairs) = [AsAs]+1B.B) = Ya—ny, 
_ 2 being the number of nearest neighbours of any 
lattice point. Then taking account of the iden- 
tities such as [AAs]+[A.B;] = 2[Aa] etc., the 


[Ashe] = +20—n), 


a = — [AaBs] = N (+28+7), . 
Pe | (1.5) 
| Beg) = 3 20409, 


[BBg] = 2 a—20—19, 


be: | § 2. First Approximation. 


It was proved in the paper I that the ‘author’s 
theory which is based on the combinatory formula 


4 


bi 
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. numbers of four kinds of pairs may be solved as 


[aA (AMDB) 
[AcAs]![AaBs]![BaAg]! [BaBs}! [ox]! ) 
ASRS) 2 ec ae aie 
x ( ait one (2.1) 


is completely equivalent to the formula of the 
quasi-chemical method. So, after Fowler and 
Guggenheim‘), we shall call the results of the 
above formula the first approximation for the 
cooperative phenomena. 

s-T relation calculated from the-formulae 


rt1_ (1+0+s)(1—0+s) 


= ; =i 2=1o * 
A cnet © (-+0—s)(1—0—8) 
(2.2) 
20 jog (1+28+7) d= 287) 
er 98 420-1) (1—20—7)’ 


is shown in the upper half of Fig. 1 for various 
The lower half 
of the figure shows 0-T, relation for s=0, cal- 
culated from the formula which, as stated in the — 
paper I, is identical with rid ot s formula), 
that is. | / 


values-of 0, 2v = v44t+vpr—2vapn- 


Upper part: s-T'relation, Fulllines arethe 

first approximation for z= 8. Broken line 

is zeroth approximation. Lower part: 0-7, 

relation. Full lines are the first epprorina 9 

tion for z=4 and z=8. Broken line is” 
zeroth approximation. 


er, Ree i Big a 


a F 3 We 4 
2 _ Confi pacionsl Specific a for: 
Sy ae 1g*_ sk Wires te . ei 
e . . t at : u 
| y= 840. eo a iS BoE eI: 
ith nb- nae i 2 ee ite 83) Zerath Approximation. 
int, tee * ee co EE ae assume, neglecting the r 
f relation and eek, relation. are ‘shown Acar coaleseing tendency between like ¢ or ur a 


hours, ; 
ae ; (Ae Ars [AdxIA ete., Je i 


> the: available statistics!) theories | 


- phenomena, In this. section we shall 
results oF the en neers aed 


tion for various values ‘of 9, Sihile the pa hal 


Ge he " 


4 Z Fig. 5. phy 
’  g-0-T' surface. Zeroth approximation. 
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~- 


of it shows the 0-7 relation for various values 


of s, the formula employed for them being 


(1+9+s8)(1—#@+8) 
8 (14-0 —s)(1—0— 8)" 


‘2 = log (8.2) 
These may be regarded as a plan and a elevation 
of contour lines of the three dimensional s-0-T 
surface. Using the temperature scale as adopted 
here, the shape and position of this surface is 
fixed in space irrespective of the number of nearest 
neighbours. } 

The configurational specific heat curves for 


various values of @ are shown in Fig. 6. 


SKK 


GSP 


1-0 


sa ; : ; KT 
0 005 Ol O15 902 25S, OF rcees 
; ‘ Fig. 6. i 
Configurational specific heat. Zeroth 
approximation. ‘ 


EN aga of Two Approxima- 
zie tions.. 

Fig. 7 shows critical values of ‘specific heat 
The curve marked with ¢, 
corresponds to zeroth approximation,’ while that 
marked with o,- corresponds to the first approxima- 
tion. 


Fig. 7. 
Critical values of configurational specifie 
heat at Curie temperatures. o, curve; 


zeroth approximation. ¢,- and o,, curves: ° 
first approximation for z= 8 


- the values immediately above the Curie poin 


_ from these curves. For conveniente of experi- 


(Vol. 4 
The last curve marked with o,4 represen 


which are due to the decay of the residual | 


order. : 

The upper part of Fig. 8 shows the ee 
tional energy E for several remarkable tempera- 
tures, while the lower part of it the configurational 
entropy 9. In both parts of the figure, the left 
hand sides represent the results of zeroth approxi- 
mation, while the right hand sides represent thi 
results of the first approximation. 
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Fig. 8. 4 
Upper figure: E-@ relation. Left~hand 
side corresponds to zeroth approximation. 
Right hand side is the first approximation, for 
2=8. Lower figure: 9-0 relation. Left 
hand side corresponds to zeroth approxi- 

. mation. Right hand side is the first appro- 
ximation for z= 8. For convenience of 
comparison, Z'= 0 curve of zeroth’ appro- 

_ ximation is shown by a broken line. 


Inner relations between these two ‘stages 0 
approximations may most clearly be apprehe 


mental physicists, energy difference 4H and entropy 
difference 40 between. T = 0 and T = To are plot 
in Fig. 9. 

i 
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2 De Partition Function 


attem to eliminate hess, al duiantities Shek is s 


the heory. one to ealeulate them sae Ne | rh ee { AD) = (MT)}°O(T), 


es Qrmk TPR 
is OS Oh 


-\ 


oT) = oa [. Bs | exp(— 7) dindvy : doy. 


where HT) is: the partition function for the internal 


"ay 


dered, atthoog ne expansion degrees of freedom of a molecule, and W is the. 


: : “on - =I, ja... 
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potential energy of the whole assembly, being a 
function of the positional coordinates of all mole- 
cules in it. m is the mass of a molecule, k 
Boltzmann’s constant, h Planck’s constant, 7 the 
absolute temperature, and dv; the volume element 
of the ith molecule, the integration being carried 
to a point outside the container. Here we will 
restrict the discussion to the case of spherical or 
approximately spherical molecules. 

Then, we divide a whole Space inside the 
container into Z cells, ZL being’ larger than N. 
“And the integral: within the container can be 
It is 
impossible to have more than one molecule in any 


replaced by the integrals within these cells. 


one of these ZL cells because of the repulsive 
energy, provided the volume of these cells is 


sufficiently small. And N! terms which differ 


. only in interchange of molecules amount. to the: 


same value. Thus the multiple integral (3) can 


be expressed in the form 


| exp (— an) dod. .dvy, 
(4) 


iat where summation is carried over the L!/N! (L—N)! 
This is the number of | 


different. configurations: 
hvays of arranging N molecules in LZ cells in such 
a manner that. we never have more than one mole- 


cule in a cell. 
i 


Suppose the intermolecular potential is additive. 


a And we assume that if the size of cell is large 


aie enough we can neglect the interaction between 


’ 


4 : 
ae ab: 
ia 


the molecules which are not in the nearest neighbor 
cells, But the size baat be small enough not to 
_ admit of simultaneous existence of two molecules 
ina ‘cell. According to these two restrictions, we 
chose the shape of cells such that their centers 


constitute the lattice points in a face-centered 


a 7 
_ eubie array. In the presence of the long range 
_ intermolecular forces, our theory does not hold, 


_ Since there cannot be any cells which satisfy the 
above two requirements. If the intermolecular 
“ores decreases with distance as rapidly as van 
der Waals’ attraction, the favorable size of a 


het eell can be determined. 


Let ¢ denote the potential energy of a pair of 


molecules on the centers of two nearest neighbor 


cells. And let us denote by XZ the number of 


.method of approximation hold for, any assembly 


is (N— X)Z/2. Z is the total number of the nea 
neighbors, and in ‘the present case the calculation 
will be carried out for Z = 12, corresponding to : 
face-centered ¢ubie lattice. When all molecul 
rest at the centers of their own Cells, the tota 
potential energy of the assembly is (N—X)Z 2/2. 

Suppose the cell which is occupied by the @ 
molecule has w:Z vacant neighbors and (1—wz); 
Let! 
us denote by wu; the potential energy of the i tht 
If it occupies the cell having w,Z vacant 


occupied ones in a particular configuration. 


molecule, 
neighboring cells, «; is a function of the position: 


coordinates of the ith molecule and the neighborin 
(1—w;) Z molecules. Here we will use the valu 
of the poteitial energy of the molecule surrounded 
by the neighboring molecules at the centers of! 
their own cells as the approximated value of up. 


- This approximate w; is a function of the coordinates 


of ith molecule 2:, y:, zi under the definite ar. 
rangement of the molecules on the Z neighboring 


lattice points. Furthermore, we assume that : 
a 


can be expressed in the form 2(a;, yi, 2:3 wi) 
proximately. Then we have 


4 53 Lule, yes 25 2) —1—wwZe 


And we can write (4) in the form 


Q(T) = Sexp{ NO} aeao,)a(w;).n.aem), ) 
ace = {exp{—Maetasi Atel Na 
ee (6) 


If we regard the occupied cell as a “‘ molecule . | 
and the unoccupied one as a “hole”, our theor 
will be equivalent to the hole theory. of liquic 
And our hole theory is also applicable to the vapo r 
phase, as the partition function (3) and the above 


ruled by classical mechanics, 


-§3. Calculation’ of Free Volume. 
_ In the preceding section, we have establi - d 


the hole theory of liquid and vapor. Then : 
have to caleulate the Helmhotie Kw oat as: al 


p 


pale for the convenience of calculation : 


beat 


Devonshire” ea use | as eee type of inter- sl 
molecular ‘potential of the form’) . She Ae to a 


4 


z Pip % 


Ley eee Ps ate eh. ets! Hh 
| ae ie 


. which this minimum occurs, “Then the e potential eh 


Pid ¥ 


a 4 


eo. emia) 


a i ae tie : ae 


oa 


Lae 


gw) = | ol hie TY, : 


“ na —2kT 1 
; A aD 


“After the long calculation shown, 2 


ges * 


P= et (600) +L In ve : 


if ny: : = am exp (er) HI 


LO 


40) 


2 ee a(t ) web 
Oe) 


i a For an. intermediate value of w, g(w) is approxi- 


mately evaliated. in. the ran, adopted in. the | pre- 


‘ where p is the pressure, V ‘the volume. : 


ogee 


"defined by pas teem ak aS 
aa 


QkT, = 
€ 2 


where 0(T) and ¢ (negative) are given by (11) and 


; (20). be : : 
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gee {12) respectively. — 
We shall compare the calculated and observed 
values of the critical temperature of argon. 
The values of the constants 7, and % for 
ee argon are 
% Yr) = 3.83 A and ¢ = 16.5 x 10-" ergs, 
which have been determined by Lennard-Jones 
from the temperature dependence of the second 
c _ virial coefficient; and a= 4.04 A is determined 
from the molar volume of liquid argon at 88°K, 
ee The calculated and observed values of the critical 
7 temperatures are shown in Table 1. The values 
the assumption that a/r,’s of these substances are 
equal to that of argon, because the numerical 


integration for the different values of a/7, is con- 
1 ' siderably laborious. If these substances fit to 
___ Pitzer’s definition of perfect liquid which shows 
correspondence in behavior, the above assumption 

is acceptable. The calculated critical temperatures 
_ shown in parentheses are the ones calculated from 

the observed values of the heat of evaporation 
The cal- 


- culated critical temperatures in the present. paper 


and t/# = 20.1 in-the previous paper. 
seems to be lower than the ones in the previous 
‘paper, in which r/w was considered to be indepen- 
dent of temperature. jw calculated from the 
intermolecular forces is 16.7 at the critical tem- 
perature and 20.5 at the melting point, whereas 
the one empirically determined in the previous 
“paper is 20.1. 


al Table I. 
‘ ; Comparison with experimental data for the 
critical temperature, 


rigs k0l ~ G>T. (observed): 9, (calculated) 
x ergs A °K TK 

A 16,6. 8.88 151 135 (155) 

Ne 4.98 3.08 44 39 (48) 

N, 18.25 -4.17 126 109 (149) 


§5. Variation of the Densities with 
Temperature of the Liquid ‘and gas 
in Equilibrium. 


-_ 


3 7 pectively. And according to the previous paper, 
: these are determided as roots of the equations 


of a for neon and nitrogen are determined under 


- Let us denote the values of «’s for the vapor 
and the liquid in equilibrium by z¢ and x, res- 


ze. 


| r 


tetxr = 1, 


Int = Z In B(ae) +1—2a6 


2G Z--2 B(ag)—14+-2%e@ / 


Using the above two'equations and (20), we cam) 
calculate ax; or xq as a function of the me | 
temperature, which is plotted in Fig. 1. : 
\ As the mass density can be expressed. by! 
(ES RIN from (19), where N, is the number df : 
molecules in unit mass, the experimental value of | 
xr can be obtained by-means of the formula | 


tr = br|\(or-+eg) [ef. Eq. (21)]. This carve is ‘une - 


formly lower than the one in the previous paper, , 
and in better agreement with the experimental | 
one for the perfect liquid. Thus our refined hole : 
model of liquid gives the sufficient vapor prema 
curve without adjustable parameters, removi 

the defects of the usual quasi-crystalline model | 
Kamerlingh-Onnes’ constant RT./peVe caleulates | 
from the present theory is 2.92, whereas the ex: 
perimental values are about 3.4. This ee 


; 
| 


value does not depend on o. 


% 


10 


ieee 


Experimental 
~~ Catculated in the a? 
Previous PaPer es 


~Calentated inthe 
Pyesent Paper 


oo 08 Tae" a5 


Fig, 1. ‘Variation of denattg of perfect liquid 
with reduced temperature. 
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_ On the Internal Conversion in M-shell and the Isomer Analysis, 


ST See Ne Ses Sa By Makoto TANIHUJI. Ick) ia 
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a he S.. Rhy oes } (re ti Angust 2b, 1948.) 


Introduction. 4 a “ih eS Parts ak viced us that Seles magld be more sen 


than oer, in 1 the case of low energy r-ray. 
4 cy , 


ah 


‘since. ‘the nuclear isomer “was Sade eae 


Se: cl Radiation, and Matrix Ele ents — 
24 - 


z the Kank electrons. are ejected a the m 
soap emitted by the nucleus when t 


ay 


te elke: 2h (ennyay Qyiye 


ot 
=a 


Where. fic i is fine-structure constant, G; a ' 1) 


ot 


are’ light velocity, ‘wave length, and Eas pease ; 


4 


- respectively. Ae i EA crea ce st 
4 2) When the Huicleus falls into the seewand state ie): 
+ from: the ‘isomer level the T-ray emitted may be 

_ converted by the bound ‘electron. The ¢ conversion . 


in “the eae $f primed Buaee 


"vanishes. apa eet a 
r / . e Nee 
41 = A— grad 4, y! = ies div fide = er 
‘easily “compared wie. ‘the ioe then the . : e -@. 
ual values of aK; Mr, mM (ax, ap, %y are the , Therefore, we can use these scerresians ‘for fs 
rsion. coefficients in KK L, M shells res- our calculations.” = CoP iio 
cae: Piya yr pe ee ae _Now, in the case of rye using the expressions 
ea Piste have ad- _— of: A, ¢ given by Heitler, Dancoff and seein . 


, 
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calculated the above mentioned matrix element 
rigorously. But, since their method of calculation is 
not very practicable for the internal conversion 
in Land M shells, we prefer the Hebb-Nelson’s(® 
approximation. Hebb and Nelson, in the calculation 

of az, remarked that Al has more strong sin- 
gularity than A in the region of small value of 
“7 where conversion takes place chiefly, then, from 


pat2), neglecting A compared with A, we get 


A! 4-grad A= 0 @) 
f ered : 
Ne Ot ‘ (4) 


\ 
> 
Using the: Heitler’s: expression for A’, ¢ of 
_ the electric «’ pole radiation is found to be as 
- follows : 
Paes t Od iO, ay U 
Pe he 6 ( 


1/2 ws " 
e ot ¢ Cc ei os Sellerle 


< n where k is the wave number, = ck, Ym is the 
4 “spherical harmonics and a” is the constant which 
Bs ais related to the matrix element of the nuclear 
| ee re multipole moment. Radial function f(r) becomes : 


Silkr) = 


a te ae Pane p(kr) is the Hankel funetion of the 
first: kind. The matrix element (1) becomes now 
5 simply 


= Hiss y2 Kaa ior yt 


Hi = fs Ra (6) 


} ie in which we now take ¥, to. be’ the eigen-function 
of M-shell : 


Wo = Y70(a+agr bagrtjenm (7) 
; o¥ is the eigen-function of the continous level, 


Drv ("P) reasoned 


-[rereore+sy)] 


nT 


a Uh = 2h 
ee *e2 15 (2) Z "FU +1440, 2U’ 4-2, 2ipr) (8) 
' / 
§ 


| where p is 1/f times the momentum of the ejected 
‘electron, 


Me RR. gh 

Rep). 2v—Gayt” ? 9,2? = 89) 
| Ss : 

) m is the radius of Bohr orbit, z is the’ nuclear 

charge, v is the r-ray energy devided by me’, and 


hj « is the fine-structure constant, 
% 


ty, 3 Uv, mi 
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.From (5) to (8) we get 


are the angular momentum quantum num 
Constants, 
Q, G2, @3, also specify the initial states. | 


specifying the initial and final states. 


§ 3. The calculation of ax 


We obtain the transition probability. NM using ) 
H’ in the last paragraph, 


Ne =} HY}? ’ (10) 
hk 


; * 
Ne = K \ ree-PF (Ul +-1+-in, al/+a, 2ipr)dr 


In the determination of (11), we have used ° ‘the 
expression of fi(kr) 


Sikr)~ kr <1 (12) 


¢ 
(yi? Ki" Yi d2, b= a+ip (11) a4 
| 
i 


(kr)'PP(—1+1/2)” 


K is a constant factor depending on the substate 
of M-shell. From angular integral of (11) we get 
the selection rule, and as the result, conversion 


coefficient as¢ = N./@ Y “becomes to be the sum 
of following terms, iailenies with common factor _ 


Ly 28H (0) em ; 
zany) ; awe Te=2 '2§ 
weds 1 Gin! : 
UV =1;- > “waispp 3 FOO — 6Fey® . 
. 2i(t+1) . 
+2F (3) (2) [2+ (I-11 +3) [Foy 
‘a Geen? ; 
V=1+1; Sh aaa pe 
ry ‘(C41)! i Her+aF 
i ae A 
ik seal eae —Fo@+) PSB 
\ 
it (j2+n?) . 
Vv =t—1: 2 < Sea \ 


a [dn iF | ae 
*n?- OL. ae feed Bia — Fatt Dis 


; \ 
*. o,f, (5) a cee is the number of quanta radiated 
per unit ay . ah alla 


li iS ring RA aia A emer We Mie Ss 
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Eats: analytically but: may be read’ in the 
- following Table 1 and the Fig. 1. | 
; The technical remarks about’ eo numerical 
calculations are added in the Appendix. y 


) 


z Pale 1. 
| ; eae nea ; oe TH? ay rh eet ete 
iy or Satie ea. ean ca, ates eae ee 
iy ae SR Wists he eG 1 Aare Maat RA Ya tarot eB A ca 
Ty * ati | Fett 2) P ina! Fig : ; — 
rer 10.0 Boogie" Lage 8.611078 9.05%107 " 2.2% on 


mi hes, eae > 718) 1.39%10°" 5,900"? 1.951077 duet TX 
(ay sims Wersin arate 2iplo). radar 


8.0, 6.2000" 3. 80«10~ “* pani" jabon* 


$226 Rae 1.22x107* 4, gai! 2. open 


= 2 


“1.0, 8.4410~* 1,53 107° ea ‘8.7 


small y, and. pense with. C; for toe? yy ise 


Further the “numerical -ealeulatigns, r 
the following points : f 


oe 


t 
| Dancoff, Morrison ma : 
Big. 7k. 

1) For large vy; 2 >%,>2m- of (inh 
See a ee %s > Xp > POS iia Pcl iM sare ne ioe 
ANd ig heen, es ae 
; boa am 
tle < as/ea, . i “4 


where a,°%,, % are the a caused in s, p, d, state 


) f 5 ; 


in Meshell. That is, concerning internal conversion 


coefficient, the angular momentum is more impor- 
tant factor than the energy. alee 
2 =H ‘For small », ax~a,~ ay and dy ~ Xp ~ tae 
. 2 This point is interpreted from the direct inter- 


n between nucleus ond its ‘bound electron as 


Ihe 


ane le IL shows the experimental data given 


ear td 


“Table th ee 7 
) : B 


Comparison wal Pecdeinicnral Da- 
omer. Analysis) and Pienuasigte: Fe 


i-yalue ob: an 


tora ; ; 
EE, sete ext or ree 
7 Kev. 540.8 15.84, 10.33 - “4 . 
37. 7 Kev. 4. 840. 6 2810. 8.88 Pa pales 


‘191. Tew. 1. 00.1 15208 5.04 ae 7, 


, 


‘a on Kev. 6. 6:t0. 6 35:10 


values of Lawson Pe Cork. This is very 
ry and, 


|ar "| ~ (ery |A|~ ~apery, 


BO AN anet gives kel, a 


b 


aor 


\ 


se this condition is only fulfilled by the r- 
‘ith energy less than 0.18 Mev, The latter 


dition. 


coe ae 


In the case of xx, 4&r, this critical vals of 
7 erty. energy tyne to ie about 1 Mev. and. 0.5 


‘aie isomers pabiaty this condition. But in the 


. 


= n? a,/z (n is tae principal quantum number). ‘ 
When: Z= 30 ~ 50 7 ~ 10-9 which demands 


4.80 ‘No data % 


in the ¢ following, we ae to * 


i proximation is justified also in the same con- 


: troublesome, and may be left over for future © 


As an additional remark, we point out that the | 
- results calculated here. if enlarged 4, 3~4, 5 times, | 


~~ table 1, and this ‘coincidence is better ‘than ee; | 


at ete ut mire wf Ba ie 
-$ tale gS 
case of! er, some known r- ay 


the critical Galan and for our or almost all ‘kno 


ee energies do not fulfil the above me ation 


example Dancoff-Morrison’s ‘method. ee 
may be of some nape to use the peymptotic: ‘form 


will reveal better agreement with: experiments : 
But such computation. will for the M-shell be. quit 
chance. On the Sone h nd° accuracy of experi 
mental work in the present stage (see table Bi) is. 
too low to encourage us to the further laborious | 

numerical works. Gathering these matters, _we 
can conclude | that in: the present stage of the 
problem, the accuracy of. theoretical and experi: 
mental | works - are still, insufficient — to deci 
uniquely using the data of. the internal conversion ) 


coincide well with the ‘experimental values’ of 


a Converdion in MeSheld and Tsomer Analysis. g ; CaS, {11 


ex feo Fig. 2) Especially for le 3 aa OF (at, By %s pe {26— r+(8— re} F(, Byres ayy 
tis equal, to 5, but ox/%r, curve ie bcos +H(1—0)F'(G—-1, B, 7; 2). 

5 (perhapes oes = Me Decision of 1 from life : by the aid of which, if 6 is an integer, all functions — 
can be expressed by FP (1, 8,.7;-2), the latter 
function on the other. hand, can be transformed — : 


AS = 


into the two terminating’ series by. the analytic. ay 


connaa ion foe e 
! 


* T(e) 
Nea 
| > 25 )= rar) i 
T@rb-a).), : Re 
aC i 2 ae ; ay | ee T(c— —a) =F Sears nt 4 Fie. 1—c-+a, Lreteme ea 2) 
: ee "Appendix CAD catia ace aay tee mal Tet) ~z)- FO, ote e+, lato; ba 
‘The ealeulations “O83 hypergeometric function ar A 


vhi ch is ‘th e ‘main part of our numerical compu- Further, recurrence formula which relates two 


ations ae been performed by using the recurrence functions with different J’s- enh.) be obtained by 
Gauss’ formula ; Rear ce 


a 3 


) (21+3)(1+n7) - 
Find, B, ee 5 aren ; ie 
ae ‘the pestlts a and so we ie to ae fe 2In 4) 
nih , aE @l+2)| Fa, 8,7; J-y 
q few points about ‘the reduction of the formula. " [F Vent ati 
Fi nid tak 
In the case OF) eigen-functions belenging to the ‘where Fisi(l, B, r; ») means “that in “6; and ry. 
f ntinuous | levels in the coulomb field, the “para- is afi lags by (+1). 
neters: of ‘the hypergeometric function havea 5 ce 
special x relation from which’ it follows as above : . : Sipe Ie a eae ey Refeventes Ge Nae kee oy 
yB, 75. 2) = oft F* (a, 8, Tye) (x expresses the Ke ee GE. Weisiicker ; Natahwicn: 24, (1986) 813. 
e onju gate complex.) 5) aca Me Bae (2) Bethe: Rev. Mod. Phys.: 9, (1937) 69 (§ 87, ae 
laa, B, v5 2) = F (x, 8, 7; A= = real. function. ‘ (3) oom and J.M. Cork: Phys. Bee 87, 

A ‘ i : 2 ’ 
So. that all ‘relations . between the various hyper- (4) W. Heitler : ms Proc. Camb. Phil. Soe, 32, a93 ) 
geometric functions. ean be transformed me the ‘ f ena & Pe hs 

relations, "iy tee : ey a 6) S.M. Dancoff fond FP. Morrison : Phys. 


: 55, (1939) 122. 
For Pe. hee 8, 45 FR there a 8, following relation (6) M. H. Hebb amd E. Nelson : Phys. 
gi os : ane eb 41940) 486.0 y. 
(7) H.M. Taylor and N. F. Mott :. Baie: Roy, ce 
A 142, (1988). 215. ; mae Sane 
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Es es Antrdduction: / ‘ ed fiom equitirttins curve between ‘field E 
. polarization P, and abrupt changes in. polariz: 
were predicted at DB abd at oe ~B 
Fig. ». Be * ay : 7 


w Te is well known that enone salt is ferro- 


th ‘of this loop _ becomes | eoWee and the 


s of see smaller as the. temperature 
pore ‘ 


site, by assuming. ‘ferroelectric. Aoiiin 
* ‘The existence of. domains in Rochelle : es ¢ of ; 5 
ws 

> has. ‘recently been established from several depe i ding on frequencies « i. externa fie a 


eriments.(2) But, since the behavior of domains 


Of « course, the change ¢ of polarization due to. the 
‘movement of. domain in boundaries arene Leta e 


field, ‘such as. Vccticia maximum ey 
Ve Lee ath a 


‘and wave forms. 


Sars 


Nia Fig, 1. S-type curve represents the 


vie equilibrium relation between P- and oe This aa was 18 read at Kyat in 
e a E. The parts AC and A/C’ corres. ° ing of Physieal § ociety of Ja par 
pond to the stable states; CD and —s_—™ 1948, and translated from . Japane 
OD! metastable states; DOD’ un- __ received in the Proceedings of. the | hy 


_ stable state. 'Thick ine represents, _ of Japan on A ie Avas, and] 
- Mueller’s hysteresis loop. re aillabe io si 


ate er molecule. 


orl B of Potential wells as shown i in Hg- 2, con- 


sr P 


. Fig. 2. Potential wells for a proton e 
soe AE a H-bond, 


its value with temperature. 


former part of Mason’ s view. 


oo 


interest. ‘consists. in exposing the peberent nature 
of hysteresis loops. : ; 


‘be written as, Boke Past ae : ie : 


Ps = B+ oP 47) uae 
Eo Was BEEP. 2 Seka 
Se ae 7 & ee : ae 


‘The Brotah: can exist either at 


n order to wae two! Curie points, Mason made : 
se of ‘the fact that the distance é between A and 

2 ‘and henee the amount of ‘moment u may change % 
“We. shall adopt the 


However, we shall. 


of the’ peal 


: Williams? approximation 
for : a moment, regard he as’ being constant through- a 


-out t the whole range of temperature, since our main— 


on ‘The effective: field PF whieh acts on nthe protons , 


bility per unit, sae of such ede? is es by 


. 8. Potntial wells: inf the presence 
of effective field. 


4 ae 2 
aera Cok wr caer) a) ae 
P= u(a—b) = Nv, 


E 
Gis 
nda i 


The partition function Z of thi 


3 ee Me tit ln SEO Sc aa 


hele Se 


FERS 


a. (Get 


= (Za(Zay ie 


4 is of thé foul as” if an a- type H- is ora btype. 
H-bond has each the partition function. By a ‘or Ze : 
respectively. Making use of this fact we shal 
assume the change of partition function required 
for the movement of a proton from B to. A is. i: 


Fa : \ tie 
_ By Eyring’s mee process theory,. ‘the proba- 


eg (EEN "2 i ee 


where Z*kT'/h is the partition function for a proton oa! 


existing at the saddle ipoint C-of the potential " 


barrier. Zp is the partition function of initial 
state, & and h are Boltzamann’ s constant and 
Planck’s constant respectivély. . je 

-. Similarly the probability for the reverse pro- 


cess in which a proton moves from A to B is given. 


rat ee Curie point, Ey ae vy “denote aximum an 
Baca ‘and i eaneney of the. external field 


e same time. Let the net change. be denoted 
rt : ; "appearing in the fpemtlas we “shall adopt 


Mason ‘has used, namely Jo oe an ees 


LT ; w Be \ 
sg TONG a : | W=1100eal/mol . 
Peri (ooncsr tl og) of emia | 
Pe B= OT OS Ae ae 
r one proton moves s from Bto A, P in- peas (T= 016), ey ia os B fee bs 
eS by rola i “Accordingly, | i Se Bae Z *is saBiteatily assumed so as to. be conver 
: o a Biya 2a ree as (9) for neers pe for at Paws we connot esti 


ie 
for y= covey sectilen the “‘ statie” sages 
bree. mentioned 3 in $1, but the curve. for ve! 


ap. aP ae Be oe 


ak di dt ~ dt we EON 
(8) and ©), (20), becomes : i se Tens 
“ake rp ie . Stree é iy 


-e Ra -neit Ne ae (11) 


— pt 
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te O-er yer ig sede DS, 


ae Die} 


ee tbo pNw0) 
Stn ae s. 
Yar eee RC ag : a) wat 
0 ean oe decided as a ‘funetion of ise ‘ 


} Fh ] ey ad 


wD RBY I pane alae Fenn We 


te on Pet aS Mie BY 
ah Ce aa ae . 


“deve dice of the tobtadlan (Y) for ealetating 
ie eee eee 


Pivatcresi Loops. 


The differential equation (12) cannot be solved 
alftically but we can obtain the shape of the 


ne tie | “ease in- which: as “Batons ie 1.015 and- 
y= 100 put the amplitude of external field is de- 


om Comparing these with the previous curves for. 


ig = = 100 esu., it may ‘be seen that the hysteresis 


> fay eee 
ar 


. 
mye 8p 


P= hos As Reser ee 
Pyeaai tae ash 


Fig. Me “Hysteresis loops “separated into 4 
two parts, EB, Rane chosen for 14 esu. 

ue 
and se pat. en 


baz. 5. esu., (Coercive foree of this erystal being. 


bi hysteresis loops become separated into two parts. 

‘Whenever E, < 12 esu., the hysteresis: loops . are 
‘3 separated into two parts and lie in the neighbour- 
hood of the equilibrium curve. Fig. 8 shows the 
case’ in which Wee = 100 esu. and y=, 10 and 100 


ne 
: ‘Sinee the temperature is now chosen very close to 


“ereased. to eee = 20 esu. and 15 esu. respectively. No ce also eiFad A> Gadd ake 109 a eae ats and 1000 


: ‘loops become steeper. ‘Fig. 7 shows the case in , 


Be icch as ietote TIT =1. 015, ¥ = 100 but the am- : 
plitude is ‘further decreased to = ae ld esu. and 


‘shows the hysteresis loops to be obtained f 


estimated to be just 12 esu.). In such cases, the 


Bl. but ‘the temperature. is raised to)T,/T = 0008. 


come Smaller; Fig. 9) shows ‘the case in 


as 
T, { 
BP rtyooes , 


field upon the demne of liysterests pen rE 


rectified full wave of amplitude of 100 esu. | 
authors do not know whether there are observa 
tions to be compared with these results. Fig, iL: 
shows the asymmetric ‘hysteresis loops obtained 
by biasing D.C. field of —60esu. arid +80 est. 
Mueller has experimentally obtained the ‘similar Ry 
curves by applying mechanical sheer stresses on % ; 
Rochelle salt crystals. Considering that: Rochelle a 
salt. has a large piezoelectric coefficient d,, and ia 
that sheer stress may be regarded as effectively 


‘ { ul 


i ree loogs to be obtained : 


curve denote that values of D.C. 
bias. Amplitude of alternating - field . 


vis, 100, esu. in both | cases. ~The curve 
- tween. 160 esu. | aaa +40esu.; the Ny 


/- curve, specified by +80 peers —20 
SS and +180 esa) i) 


apes’: (see * - Figs. 5, 1, 9) have not yet * 
morxed, even the authors do not dare to 


; see minute external fluctuation. 


(Fig. 12). The cquilibriom curve is the one af 


Fig. 12. Isoclinic lines for. the dif- eer: 
| ferential ‘equation a2). ; ee se : dex) 
which A = 0.- Th the region to the right side of 
this curve 2 >0 while in the region’ to the left 
2<0. The more distant Bre the isoclinie tines” 
from the equilibrium curve, the greater the values 
of. the parameter “Ae Now, look at the part’ en: 
“closed by. the circle | in Fig. 12. (This part. is 
shown enlarged in- Fig. 13). For instante, let i 


WAS Ny ote 


= \ 
4 ras ANANNN 


“titeat Han curve) being a. part Co 
i ae 1p Gib Saxe 


aan say, since aide ‘tata 
integrated curve: should be 
_ward AB, in ‘such cases, , the h 


» 

as 
BRL 

& Fs 


—>_* hay 
> > Bn, S . 
= x ‘ we 
gach 9 


A a decrease - 
“Fig. 14. The ae enclosed by the. 
te “square in (Fig. 12, is enlarged. 


; “Hence the stable regions are. on the outside 
of two dotted lines in Fig. 12. Ine ‘Figs. , 5, 7 and 
a ‘the hysteresis loops of cee main parts exist 


and perhaps _ not to be observed experimentally. 
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polarization v8. electric field relation shows a 


_ high D. C. field. After the removal | of polarizing 
- field from. the BaTiO; ceramic, we find by a direct 


i 
= 


Le polarization, the amount of which depends on the 
! time of exposure to the field. and on field intensity. 


For fear of. confusion due ‘to leakage conduc- 


vs 


a ‘stalline ceramic must, be used, This claim - -is 


; Baye Ss. Miyake, Proc. Phys. “Math. Soc. Japan, 23 


in the region between dotted lines are unstable é 


poe Soc. A 177 (1941), 251. 
oe it should be “pointed out that if anne 


a Dielectric Residual Polarization of Ba- 2 


scopic: examination it; proves ce be an aggregatio : 


Among ‘the ferroelectric prorerties of barium 
_ titanate it, may ‘be especially. noted that. the 


_galyanometer circuit to measure the | discharge. 3 
_ typical hysteresis “characteristics, 0@) and that a — 


piece of BaTiO; polycrystalline ceramic may be | 
"rendered: piezoelectric(®)_ after | the ‘application of | 


examination that there remains some residual - 


Reivity, and electric. breakdown, very fine polyery- . 


value of Z* be chosen the dependence of the loop- i re 
- forms upon the frequency may be changed. The | a 
frequency vy used in this paper. is, therefore, not 
to be confused with the one practically employed es 
in’ laboratories. 
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of numerous minute single erystals. A piece ( 
the sample, silver- plated on both faces, is ara ige 
in a! iflask so as to be protected. from bumi 
~The two silver electrodes are connected once t 
the polarizing D. Cy source, and secondly ‘toa’ 
current from the sample. When the sample is 


_ removed from the field, plenty of © discharging 


- current flows through a galvanometer, ‘while it 

decreases rapidly and disappears almost completely _ *, 
Thus it seems that the stable — 
polarization is crane’: 


after an hour. 


_ This equilibrium state 


(*) The dielectric constant ieasdbed with 1103 
ke/see is «= 1.2103 at room temperature 
and ¢ = 8x10 at the Curie point 93°C. (The. 
discrepancies of Curie temperature from other 
authors’ may probably be due to impurities.) 


x 
ea 
» sy 
if 
eo. 


ntl. be ohiribated ie some » definite configurition' 


1 


peomengeiels poles | domains.) If the 


7 


- rate @. 5° min ) by an electric furnace set serene 
flask, _ then reappears the discharge current ; | 

a st it: remains. nearly constant then increases ee 

_ steeply to Bee values near the Curie point. After 

re es male x ‘decreases web and becomes not =} 2 


uae 
: — 
= 7 5; — ne 
e is. notable that the icurves \ 3 When the discharwe current disappears atpye 


bie Curie point, we can ‘no more ‘detect any ele 
trie current * during either cooling or. ‘reheating 


‘the current. ‘Sothe of the observed icine . 


ti: 5: 28°C! 


process. On the contrary, when. there ‘remains. 5 
some residual polarization below the Curie point . 
we can observe that the electric charge is absorbed. | 
into the sample during cooling process, “this | may 

1h “he accounted for by the inerease of spontaneous | 
polarization of Weiss domains as the temperature: 


ae lowered. Now it is easy to see that at least in 
ferroelectric state of the ‘sample the inversion of @ 


the domains is. responsible for polarizing process. 
oy Hence the polarization is affected by the ‘time of” g 
exposure as well as the field. intensity. A full 
account of the work will be published later. ai 
In -coneltsion authors bsg their die: : 


encouragement, Rete a acer" 
Pf we Y ot 5 eg a 
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; chastiete of the colouration, one is pe 
theory given by. Raman, Wood, 1 


4 “The author will, present a a ‘new Eaiartorende 
se bSprlidghe considering the: phase. change of light on 
the ‘reflection at the metallic copper and oxide 


if coloured copper Burtans. a portion of it is thrown. 
4 back from the surface, of which amplitude ratio 
ee to the incident light is 


ponte as In Ate 


R= = a Qri— ; \ 


ee liter ae oe 


. eisete’ Ya and ry are Fresnel’s eseiletents mespenr 
’ tively. at the air-oxide and the: oxide-metal bound- 
‘ aries, l the thickness ' of the oxide and n the’ 
refractive: index thereof. We ‘must here notice 
Ph that T% should be a complex number on account 


' can be written |v |e, where the azimuth 6 ~ 3/27 


2s ‘known values of the refractive indices of copper 
and oe and the invensity ph the reflected light” 


os 


“Short Noves.. brates rei ad 


ms : is then given by. 


ma 
4 


3 boundary. When the light comes normally to the : 


* of the complex refractive index of copper and 


es ean be computed by Fresnel’s equations with the — 


ree +| ry |? +212 | rn | cos(2A— -5) *" 
Roe ro |? +24 |r cos(2A— 3)" 


Yt ite 


Coe 


The minimum reflection occours when / and x 


satisfy the PETS. condition > ee 
- Qnlfa = 3/24 (2m ~8)/2, m = 1,2;-+- 
| 


‘The author has prepared a brightly polished 
COP DRE plate 100 ~ 50 mm in’ size and : mm. a 


Martone Koenig’s spectral phétoneten a ae 
in the. Rabie, ‘it has been foun to be. 


L . ; 


- Therefore, 
ie "phenomena is mainly responsible ‘tor the observed 


interference, even if the scattering of the light 
0M in the oxide. film to the side way might be. able 


Th the interference condition. offered by Con- 


a a ‘stable() the. phase factor 3. was: neglected and | 
his computed values 28 ‘the thickness ‘were two 


a 


TS PS ee ae gan 


ete aie 2 aces pee ae “max io ‘min (Cu,0) ee ge optical | 
Be WO pen eh et SABO YS ish Oo ari ee BOR SR ABB. as ea 
*$) Cred hei Sate 6200 aD OF Von 268 Soetoro 
als blue 6200 2,6! 283 
Seeds pale blue | 6600 
Apes yellow i | 5500. Sate. ; 
ote i orange - 4400, 3,1+ 257 
2. orange. red - 4800 Bir ahh i 962 
ie ee orange red 5000. 295 264 


ae is clear that the interference ui 


. é colouring at least in the region of the first order’s _ 


> to contribute to the brilliancy of the colour. } rs 


times as large as the Sy with ee 


. the whole course of his investigation. | 


Rateedec: 


(1) F..H. Constable: ey Rey. Soc. A Ans 
(1925) p 570. A # 


ins pozthcrnnve we ater the hysteresis Jo 
of BaTiO; with biasing dc. voltage at each ‘tem 
perature. A circuit essentially similar. to that of 
: Sawyer and Tower() was eed to display ‘the 
polarization on electric field” ‘curve at 50 veyeles 
per second on a cathode ray tube, but. d.c. batter-_ 
_jes were inserted between earth and power trans- : 


former in order to give d.c. biasing voltage. 


sg iat GU ahd Following figures. show one example, in which s 


a. c. voltage is PoEVIEN: and d.c. voltage "varies. . { 
from 0 to 45kV/em. “As. the d.c. biasing | “field” 


at the maximum ? polaiestion versus 


curves of ba eee ees have a 
‘becomes stronger, asymmetry of loops appears’ ‘and: ; 


the hysteresis loss becomes smaller. When the 


field is too strong to prevent from “amiclappens! 


of domains, the loss of loops vanishes quitely, and 7 


the loop becomes. an asymmetric. single curve a 
shown by (ec). We. ‘ag. not observe any. abrupt 
‘change of loops when. d. c. field strength increases 
_cuatinaonsly beyond ihe coersive force, ‘but the 
"bend type of the edge of loops in the side of a 
opposite direction’ “ de C.. field | changes - passing . 


q. feria Oty 1s RV [om 
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§ Ou am or Pu Uy OF 
: iestution of the Equations Be Motion cs Oy, OOM?” byt OA a98 ? 
When 4 A=0.- 


Z zi . and (4,1). reduces to 


(Fy +h oH “te Or. 
ax ) L \ 04 0&0n OF 


Jowing power series _ wet 


F= Sua+hi (ns THEE + 
ee = ere 


of the coefficients of the same power ot € 


3 vanish, Then the coefficients of £° Byes 


REL RDU Coo, eee (ea Lf" = (oan ft —fol'fi)- 
v= ——,' errs “Now, as the first approximation v we ‘take 


Ree ere os is ee me) as = ful), 


‘ u=0 Bip oamasin ae Nee and then G, 7) reduces to Pe en | to 
SERRE es FS em hne Wie im (4,2) ot re ee 
Oe Na ie yi ae eS oe “(earyfe +fol” = 0, Oe 
ee ek ce ae pects and” when; for brevity, « and f are take a 
Bt Pa ab OE (4,2’) pectively as ca, and f,’, the above expression giv 


ca) ge eee ee ays See 
Aes —m —EL =6¢. aes : 4 Paes 24 0. : Pr : 
i 


one ponaition of (4, 2’) and sphaee ae hee anon 


all, 2= hx: Fé, n= Ue, wily 91) 5 : a 3) pope ag0on- ‘There is the unknown factor on 


ee is a ‘standard - Jength along the ‘y-axis. 


making use, Of the last mond son of (4,2’), Bees by ee OSCe conaition of 4 as Hence the e 


boundary conditions of (4,8) are w=0 at y= 0 . 


é 
see ee in Be following non- -dimensional form ; — 


and Us, ge a at y=6,, and these are 


(oF di OF 6, 
\ On" dx OF ae 


+ f= 0238 Atri OF : ; 
(4,4) ; 4 (4,9) 
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Hence we can determine the form of f and « by 
(4,8) and (4,9).: 
Multiplied by /’, (4,8) is easily integrated into 


Hap)+sf" = Cy, 


and the integration.constant c, is determined by 


SoS ee eee 
ert 0) = BT tty > 
Taking « as f/(0), these reduce to 


fra yoo, 


= +5m' = a8 
From the above equation, it is known that f can 
be expressed by an elliptic function of 7. These 
results are 

SF = BL(Ax)—{9"(An)+2}'7/{49(An) HI, (4:10) 


a 1 
A = 0.48679(as)3, B=1.1447a/(acys. 


In these, the moduli of s-function are given as 


g2 >= 0, G3 —4, (4,11) 
"and as the boundary conditions we get 
1 2 1 2 is 
Tae phe Se per 
(4,12) 


BlP(A)— {9'(A) + 237/{499°(A)}] = 1. 


_ Hence, for a given value of m, « and @ are 


_ determined! by~ (4,12) and so f is also determined 


by (4,10). Namely as the first approximation of 
(4,6), we get 


)F=fi7) and 3/L=a,t+a,6. (4,18) 


The Velocity Distribution in the 
Laminar Sub-Layer 


As for a theoretical ground by which the value 
of m is determined, we take the condition that at 


_ the boundary of laminar sub-layer, the tangent of 


the velocity profile is equally connected to that 
of the turbulent part. As the velocity profile of 
turbulent boundary layer, we will take the “ Power- 
Law” or the “‘Logarithmic-Law”’ ; 
pectively written as 


these are res- 


1 
u = Uly/s)7 (5,1) 


(Vol. 4 
and 
1 U~y 
adie et Se 5,2 
72 At; log —, ( , 


where U, 6, and U~ are respectively the velocity 
of the fluid outside the turbulent boundary layer, — 
its thickness, and the frictional velocity; and A, — 


K are numerical constants. With (5,1) we obtain — 


) 
7 aes 


and in the ‘‘ Logarithmic-Law ”’, using the condition 


Uy 1 
7 Peas (ok 


of U0,/v — os 


Ux = (%/0) = V (acyy/o, = W(a/ey,, (5,8) Fr 


and we get 


(FY, = 3a = HV Sz): 


Then we get , 
1 
or 5 
rs . 
m= 2 (K= 0.33) (5,5) 


Taking (5,4), we get x = 1.336, o = 2.646 by (4,12) i 
and the velocity distribution in laminar sub-layer — 
is determined by (4,10). rs 

In the theory of turbulent boundary layer: it}. 


is well-known that when we take 
FOIE ee 4 U-ylv, 


there is a functional relation between w* and y*, 
which is independent of the Reynolds Number of _ 
the main flow. In the above solution of laminar _ 
sub-layer, the welocihy GleSr oo is given bys, 


= fly/4,), 


and making use of (5,3), we have the form | 


Ulu, 


wt = ¥ Clayfy*/" a); 6,6), 
namely in the first approximate solution, the aboy 2. 
mentioned relation between u* and y* also holds 

As shown in the Part I of this paper, the © 
physical meaning of ¢ may be called as the lower _ 
critical Reynolds Number of transitian for. : 
flow along a flat plate, and as for its numeric: 
value, there are some theoretical - -investigatic 
by W. Tollmien and others. But their results: 


believed to be not yet bore ee gers? gas 80 


n determine ne 


6 7) 


we: Soin: gai 
e ut = 13. apy", 5), 6.8). 


di in ‘the “Loganithmie-Law”, from (5,5) and (4,12) 
- have ‘m = 0.198, 2 = 1.31, o = 2.58 and get the 


Table I. In Fig. 4, as to the discrepancy between 

_ the 
the experimental data near the surface of a body, 
__ there has been such an explanation that the velo- — 
city distribution in laminar sub-layer is assumed 


in he case of t the “Power. Lowe Ae) coe 


oe . 


and a 


10 te 


86. 


of o for the ““Power-’’ and the “ Logarithmic-Law’’, 


and with these values in use, we can show the 


_oximate solution ; these are respectively 


“‘Power-”? and the “Logarithmiec-Law” and— 


Pais 


Table I. 


~“ Power-Law’’ “Logarithmic-Law’” 
y/>; u/Uy y/%; 
0,0000 0,00000 0,0000 
0527 507038 40588 
1054 114071 "1075 - 
1581 521090 - ,1618 
‘2107 "28074 ‘2151 
,2634. 35000 2689. ates 
(3161 ,41836 (3226 
'3688 "48543 ,3764 
(4215 55077 ~ '4302 
4742 ,61387 4839 
55269 67420 5877 | 
,5795 y73119 |} 5915 
6322 78426 ,6453 
6849 83281 6990. 
7376 37626 (7528 
,7903 ,91409 ;S066.._ p= na59 
,8430 94578 13604 
(8957 Le ‘141 | 
9483 98911 | 59679. 
1,0000 1,00000 « 1,0000 


oximately, ¥ we can explain these experimental f 


more theoretically. 


The Distribution of: i Thic 
ness of the Laminar Sub tayers and i 
the Turbulent Boundary. Layer. ce 


In the last chapter, we obtained the values 


distribution of the thickness for the first appr- 


b/L= ay + 0.01156, . ae, 
OE a, 4 0.01106, 2° Se ee 
in which a must be determined by the condition 
at the point where the turbulent boandary layer 
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- start to develop. When we proceed to get higher 


= 


approximate solutions, the next coefficients of the 
power series of 6,/Z can be determined step by step. 
However, in the first‘approximate solution, the ac- 
curacy of the expression for 6,/Z is inadequate, 
and so concerning the thickness of the sub-layer, 


we desire to investigate by another well-known _ 
-method. 


For the turbulent flow along a flat plate, the 
surface friction is written as 


| = a(R), 6,1) 
or. + 
y= Ue Re dy 6,2) 


When its Aigsis distribution is assumed to be 


uU= U(yld)7 


and. with the condition of (om8,)/v =c¢, we get 


8. a 
8,7 =d7Tev/U, (6,3) 


hence (6,1) can be expressed by the form 


; STTEY A 1 
T) = MaU,/d, = wa(cv)-4U 40-4, 


. and when we neglect the effect of laminar sub- 


layer and ealculate the momentum integral of 


(6,2) using the form of (5,1), it reduces to 


6 
t= ae yt 


- ‘Thus we have the condition 


ptr? = wx(cv) 4 


and then with (6,3) and (6,4), 8(x) and 0,(~) can be 


easily integrated. For brevity, when we take the 
ideal case of flow in which the turbulent boundary 


nes layer is developing from the forward stagnation 
- point, these results are 


aa 
dx = 0.8723R, 5, 
(6,5) 
neh) 
3,/¢ = 103.0R,” io, 
where R, = Uzx}v. 
The distribution of the thickness can also be 
derived in the case of the “ Logarithmic-Law”’. 


_ By (5,2) we have _ 


U,/Uz = A+1/K log (U-d,/v) —— (6,6) 


‘From (5,2) and (6,7), we have 


ree 
and 7 : 
‘U|Uz = A+1/K log (U=4]») (6,7) 
and with (5,3) we have a condition 
A = V(cja)—1/K log (ae). (6,8) 
Taking | 
KU/U; =2, (6,9) 


and eliminating A from (6,7), we obtain | 


log é/x = log { V (ac)/K} —KV (c/a) +2 ; 

_ +logz—log R., (10) 
and when we write U with é, by (5,3), eliminate 
A by (6,8) and log (3/x) by (6,10), then (6,7) reduces. 
to 


% ies AR +lo og“! 


a te +z+logz—log R:. (6,11) ; 


‘ 


u/U = 1—1/z log (¢/y), 


and then with the momentum equation in use in” 
the whole region of turbulent boundary layer and 
eliminate 0 by (6,10), we obtain 


* €(2?@—22+ See J 


dn Wee ae Le Vea (6, 2) 


With the previously-deseribed numerical values 0 | 
«, c and K, (6,12) can be easily integrated, and 
when the integration constant is determined as- 
suming 6=0 at «=0, ‘this result becomes 


Fig.-5. Distribution of the iicteee of cane 
bulent boundary layer and the laminar 
sub-layer. Full line—‘‘Power-Law”’. 
Chain line—‘ Logaritic-Law”: Y—cal-— 
culated points in ‘‘Power-Law’’, X—cal- 
culated points in “ Logarthmic-Law ae 


the Biclinoss of laminar Ee in both cases 


pou lent t boundary ili are aes 


n 28 a “fanetion of Te 


9? 


in the case, of the 


- 


, it reduces bore Si 


eps = 0.05792." + G1) 


4 


Sea. 


ro) 


a 20; 0.022629" Rs 


(7,2) 


al formula of surface friction, ae. as. 


m% = 0. 02280 UR a (7, 3) 


i 


the oe calculation, on the basis of the 


‘Law ” @, By. is: conversely derived, ‘and 


: as 
In the “«Logatithmie-Law” ; with the numeri- 
e of K in & Dae is shown as follows by 


almost the same, although those of the tur- 
oe well 


By ‘means ot a dimensional 


erica coefficient is almost ‘the same as 


0.00 — | 
4 : <3 Log Re 6 


Fig. 6. Distribution of the skin friction coef! 
ficient. Full line—‘‘ Power-Law’”?. Chain 7? 
line—‘ Logarithmic-Law ane a ae 


(ii) Concerning the distribution of the 
ness of fe leanner sub- layer and ae oun 


ofiha that the velocity distribution in the wl ole 
_ turbulent, boundary layer cows ee a flat ?p , 


Ee in. two cases ‘of R,= L141 
= 1.098 «10°, 


turbulent boundary layer including laminar 


the velocity distributions i 


layer, are calculated for the ‘‘Power-” et 


“ Logarithmic-Law ” , and compared with 
mental yesants ey in Fig. 7. 


| Fig. 16 Velocity distributions in cae whole eos 
region of turbulent boundary layer at 
various values of Res Full line—“‘Power- 
Low” Chain line—‘‘ Logarithmie- Laws tase 
- 6, shows the thickness of the laminar. sub- tee 
_ layer in ‘‘ Power-Law”’. . 4 


tt.» -< Gil)” In many experiments on turbulent bound- ei 
ary layer, the existence of the laminar sub-layer 
; has been neglected, and it has been belieyed that’ 
for the flow along a flat plate, the velocity dis- 
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But’ when the 


existence of laminar sub-layer is considered, its 


tribution is independent of R.. 


‘effect ought to appear itself; for instance when 
we take H = 6*/0 (6* and @ are respectively dis-- 


placement and momentum thicknesses) as one of 
the parameters to show the state of turbulent 
boundary layer, it also changes with the value of 
R, even for the flow along a flat plate. These 
facts are recognized by the recent experiments. ()) 

By the present investigation, when the effect 
of laminar sub-layer is neglected, in the ‘“‘ Power- 


Law’’, we have from (5,1) 


s* = 0.12508 o = 0.097226, 


and a 


Ai, = 1.286. (7,4) 


- (The suffix 0 indicates the case when the laminar 
‘sub-layer is neglected, and 1 when it is considered.) 
- But in laminar sub-layer, from the table, we have 


6. ? 
\ (1—u/u,) dy = 0.40336, 
0 


6. ‘ 
\ *ulu(l—u/u,) dy = 0.13928, . 
0 


_ When this effect is considered and the displace- 


ment and momentum thicknesses are calculated, 


~ we obtain easily the form of H, as follows ; 


: “1 9 
R10 +0.0°729R,, 10 


A, ee 1 9 
25.8—R,,10 —0.0°568R,,. 10 


(7,5) 


In the “Logarithmic-Law’’, in the same manner, 
the form of H, and H, are calculated as functions: 
of R,. These are shown in figure 8 with the ex- 
perimental data, |) 


_ Mental conception of laminar sub-layer described 


‘the results of the approximate solution with ex- 


Fig. 8. Distribution of the parameter of 
“A”, (1)—H,, (2)—A,: “Power-Law”’. : 
(3)—H,, (4)—H,: ‘‘ Logarithmic-Law”’. 


In many experiments on turbulent boundary 
layer, owing to the very small thickness, the ‘ex- 
istence of laminar sub-layer has been neglected. 
But when the velocity distribution is measured — 
until the immediate vicinity of the surface of a — 
body, it is clear from the experimental results | 
that, due to the effect of the laminar sub-layer, 
the state of flow is completely different from that ~ 
in turbulent part. Hence, apart from the study i 
in turbulent layer, the investigations of laminar — 
sub-layer come to be necessary. In this part of 
the paper, we investigated whether the funda- © 


in the last part, might be appropriate or not for 
the flow without pressure gradient, by comparing 


perimental data. : 


Reference. 
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1945. 
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¥ 


ee Bs (Read ree 28, 1948; Becrs papi cniber 3, A988) 


On the Laminar Sub- anes for ys Flow ee a Pies Gradient. - 


a @ The Case of Constant a. ; ra me 


Be Spy pereS ie "de 0 1) 


Or (oF. dé, UES 


the eaations of motion of laminar. sub- ee Sh A B ar reonE Age frees ue 
Ou : ~~ de 0, hy) 6 07? rae Lb dE0n’ - 


il es as in thie EBEOL A set cee: Ou hy OF Ou as uw OF : pee 
The flow of this case corresponds ‘to. that-of < - By ~ by Oy? dy? ~ Oy? Oy = 
the laminar boundary layer theory and (8,1) reduces to ’ 


ae it. s important when we ‘treat a flow with See is roy B A # eet ire 
7 sure gradient. ‘The derivation of the first pou te Ee GE pe wer a Pr | 2 : 
de \5n) O98 


pro imate solution i is ‘the: same as described in 


‘of motion and the boundary. ee Ses 
Dope pee Oe Ee Race tts Sh, in the power series as (4,6) and substitu 


- we 8 the following condition as: the oefficien 


ame) 


@ yD fe ; ahi = Raj “fi! fi 


In the same manner in which (4, 8) is der 
equation of motion of the first approximat 
is written as. 


Ga ee Pe | afte fen 0, 


‘ ae f=0 see Goes at ee 


fh fl=m at nal 


constant is shieraineh, we obtain | 


Pipe ae a 

: fey. eee ae 
fl=y (@—Zof*—2i) 
Ge ey eae re eee ee eae 
eee Eh = of ee 
Bea we Boer na. aed 


where «= f'(0), and from the above equation, the 


1 
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form of f is derived as 


f = Biy(An)—{"(An)+2P/{49(AD}], 


(8,9) 
as 
A = 0.43679’ac)3, B=1.1447a/(2a)3, 
where in the §?-function, 
Gi » 1 
Be 9. = —9-1577 Aja(xo) 3, 9g; = —4. 
~ The boundary conditions are 
ered. f=) 
— a2 —_ m*—-—a=A, 
2 2 3 
(8,10) 


Bi9(A)— {9"(A)-+2}/{49¢ AH = 1. 


Thus the first approximate solution is deter- 
mined for the flow-of some value of 4, when the 


_ value of-m is determined. 


ie §9. The Determination of the Velocity 
Distribution. 


"© For the turbulent boundary layer with a pres- 


‘contrast to the flow along a flat plate, and at 

v a present we have little knowledge about the velo- 
Jd ‘city. distribution. So we have no theoretical or 
experimental ground to determine the necessary 
_values of the boundary conditions of (8,2’), and we 


sub-layer definitely as for the flow without a 
_’ pressure gradient. However, for the purpose of 
investigating whether the idea of the laminar sub- 
layer deseribed in Part I, may be BU pRar Eat for 
the turbulent boundary layer flow with a pressure 
pie gradient, we desire to proceed on this investigation. 
ae If we put m= 0 and eliminate 4 in the solu- 
tions of (8,9) and (8,10), 
es reduce to the simple form 


the boundary conditions 


sg | 92 = 4.1—B)/B 


(9,1) 
BLPCA)— L(A) + 237/49 AF] = 1, 


and the values of x and ¢ are determined depend- 
ee ing on 92. Hence « and o can be easily expressed 
ee _as'a function of A, and they are shown in Table II. 
'” However, in the real state of flow in turbu- 
lent boundary layer, m must have a finite value, 
rs and as one of the trials to decide it, we take the 


4 
following condition; that is, at the boundary of 


_ laminar sub-layer, the shearing stress is smoothly — 


- Ss connected to that of the turbulent part. 
ey 


t 


: Ss 

ne 
# 
. 
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“sure gradient, there are few investigations in» 


‘cannot estimate the state of flow in the laminar 


' We determined the location of the turbulent sepa-— 


Table II. 


ou) 


= a, = oP (S 


dy 
whereas if the effect of the laminar sub-layer is 


neglected in the expression of TS, = Kee’ it 
follows that’ 


pees, Te 


; 
a ad . 
| | 
. 


‘ 


By experiments, the value of k is known to change 
depending on the degree of the pressure gradient, 
but here for brevity we take k= 0.4, that is 
corresponding to the case without a pressure grad- — 
ient., Hence (9,2) reduces to yan ae 
m = 1/{0.16(e—ka)}. * 3) 
As to the determination of: the yalue of «, we 
‘take the condition of turbulent separation point. 
When it is supposed that the skin friction vanishes 
at the turbulent separation point, it corresponds, 
in the above solutions, to the case in which 


x= 0. OO 4) 


On the other hand, by experiments on turbulent 


separation, in this case of flow we can take ; 
be tS 


* These experiments were made with the — 
following equipments; which consisting oftwo flat 
plates of 100em 50cm and 20 em x50.em, connected: — 
at their ends as in figure 9, and with two end — 
plates, With a method of kerosene-and-lampblack, — 


ration, and measured the velocity distribution near _ 
the surface of the plate, with a small gee abe 
These are shown in ‘Fig. 10, / 


’ 


qs 0 toes. 


aes 85 u 
en ri ae “5 ae 


- Fig. = Velocity dicedbution near the surface 4 
iq 


at turbulent separation point. .__ 
Gy = = 26 m/s, U, = 31 aa 


wa ¥ 
a from (9, 4), 9, 5), and , 10), m, a, and o can 
© be determined approximately. and weget. (Pi? 


eae os = (9,6) 


a 


= 4B) ¥0 0) 4 “ast i, 


atk the , values of B, F yi ag o which 1 correspond 


s 


the “above : reeulis as comparing with 
adele as for the eee 


OD 


ean propose one way to define it with the pheno 
of the separation of the laminar sub- layer. 
Hie 12 the case of 4 = —3.34' (a = aoe corres 


2 Pon? point. 


ent, and the relationship between the curvature of 


and it is not proper to take generally its velocity Ps 


ae | a Sane Gr? 
6, —5,178 | 0,0115 | 7,610 
—8,633 | 0,0182 | 7,684 _ 
—2,002 | 0,0153 |. 8,000 
| 0,000 | 0,0189 | 0 ~ 


1,647 | 0,0231 
2,895 | 0,0272 
3,981 | 0,0317 | 
5,141 | 0,0380 7,560- 
6,441 | 0,0473 |. 16,2 

7,952 | 0,0684 | 
0,0819 | 
0,1042. | 


Ke) 
= 
co 


ivi t 


atk 


a2 (mas 2 


: Fig. 11. Dinwibatien of fa). 


ge 


\\ 


Fig. 12. . Velocity distributions in laminar 
layer. Numbers on contours are. 
values*of: 2.0.76 op oe. 


a Fig. 12, it is Pecoeee) that 4 
the state. of the velocity distribution in: laminar 
sub-layer changes depending on the pressure gradi ages 


the velocity profile and the degree of the pressure ‘ ss. 
pte 
gradient, Ys similar to-the laminar boundary layer ; on ee . 
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Table IV. 


a er Pe 


flat plate. 


& distribution linear as in the c £ 
be ase of flow along a the veloci a 
ity distribution in the lamin . 

ar iain : 


Further, by these results, we can su 
: P- _— changes and th Bat. 
“pose that for the turbulent flow around a body, separation Be ae sits decreases, as-the 
approached 


uleni Boundary Die 7 IIt. 


eg able. We 
: function of &, we can estimate the state of flow, 
with the condition of R+«l=c and a eroup: of 
the above solutions, if we know the distribution 

of a(é). ; = 
To determine A(é), we use the momentum con=— 


Pa ‘constant along” the surface of a body, can ae - penrar eee i = ees - 


be supposed to exist really, except the flow - ad SS Spinal hf Ged eee 
at urdy —u,— \ udy 
; baton a flat plate. In general, the mechanism of © - dato dx “0 


flow in turbulent boundary layer is complicated, . pk: : 3, dp (ou = 
moreover it is accompanied by the difficult problem — Sey np ORs, { bg/, pies 
of he transition from laminar to turbulent flow, : ; = oe ee ie 
“ and it reduces to ~ ae 
and even the condition of turbulent separation is “ 
et established. = "However, by. ey caper Oy o 
ig Ewha} i Loaner af 


ot = A—a(d)+m(d), 


where 


oe oe F(t) = 7 lpone me = 


fie correct, andl by the curves in figur 
it is recognized ‘that m is taken so small. 
Part II of this paper, it is known that the 


of the velocity distribution is” Hot so deper : 


Table ee use 


A ap _ p,Q) 
648. le coo 
6,147 —0,4134 ; 
4,803 — ,0622 
8,495 — ,0243. 
1,968 | — ,0°669 
~ 0,806 — 08174 
: 0,000 5° 0000 tees 
—0,648 * 07292, | 
ORG Ay PTB 
—1,925 -* =,0154 
—2,584 | 0273 
==8,020' > 22,0896 00. ee 
—3,341 > 0507 0,864 ee 
i 


correctly, and now as the correction term of m, 


_ we take the following condition 


a de es hey Sa 
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3 F A u2F.)} ee Sud Fe 3 E 3 
= A—a(d) + mia)+ml(). (10,8) 
We take roughly 4 
i ) m/(a) = 1, x 
and it becomes a 
da/dé = P,(A)Q,(€) + P.(4)Q,(€); (10,4) Sy 


where P,(4) and P,(d) are calculated with the 

solutions of 4 = constant and shown in table 5, 

and Q,(&) and @.(€) are determined by the pressure 
gradient such as 


Qi(g) = (Les )v, Q,(€) = G/ds)/s, 


s= —(dp/dx)/o. (10,5) 
if (10,4) jis a differential equation to determine the 
_ istributien of 4(£), and its boundary condition 
ee ought to be determined by the value of 4 at the 
a ” position where the turbulent. boundary layer begins 
‘ to develop. However, for brevity,*we take the 
se ideal case that the turbulent boundary layer is 
6 f developing from the forward stagnation point. 
pe Then we can take by Table V. 


2 = 6,43; (10,6) 


a for the value of the stagnation point, as in the 
wf _ Kérmén-Pohlhausen’s theory in laminar boundary 
Bs layer. Hence in the above ideal case, we can eva- * 
 Iuate the distribution of 2(¢) with any pressure 


"gradient, using the condition of (10,4) and (10,6). 
aos 


ia 811. An Example of the Calculation. 


‘— As an example of the above calculation, we 
Bees 

a 

ve B 

ae 

ne) ; 

iv 

eis, 

Fig. 13. Pressure distribution around the body. 
me, ae 

: : ; a/D = &, , 


S-Observed separation point. 
T—Trailing edge. 


ae 
‘7 


Fig. 14, Graphical calculation of A(&). 
fD = <3 


take one of the Schubauer’s experiments of an 
elliptic cylinder" ; that was made at high stream 
turbulence to make the transition occur near the 
forward stagnation point as closely as possible. 

The pressure distribution around the body is 
shown in Fig. 13, and with this curve, (10,5) are 
calculated. Then we can get graphically the dis- “~ 
tribution of 4(€) by (10,4) and (10,6), and the result. 
is shown in Fig. 14. With this result, we can 
get the velocity distribution oF the surface friction, 
and these are shown in Figs. 15 and 16 with, the 
experimental results. 

This experiment is not necessarily adequate to 
be compared with the calculation on the hypothesis 
that the turbulent boundary layer is beginning 


iy ee 
ert 
fee 


Fig. 15. Velocity distribution of the flow near 
the body. . Dotted line —experimental. _ 
- Full line—Theoretical. ; Soi 


Fig. 46. Distribution of the surface friction 
near the separation point. Dotted line — 
cA Experimental. Full line—Theoretical. 


the comparison between the theoretical and experi- 
\ mental results. However, by these comparisons, 
_ it is likely that the state of flow near the surface 

of the body can qualitatively be explained with | 
“ rs _ the Ereeeton: of the laminar sub ‘layer. 


—— = ‘ 7 


& o2. ae eS 
i. - in the foregoing parts of this paper, st first, 


the mechanism of the state of flow in the laminar 


% 


its equations of motion and the boundary condi- 
tions are derived, and then for the purpose of 
investigating - whether this interpretation on the 
- laminar sub-layer may be appropriate, we make 
“comparisons between the approximate solutions of 
: the above equations of motion and the experimental 


results, . for the two ‘eases of the flow with and 


without a pressure gradient. 3 
ae For the flow along: a flat plate, the well-known | 
hypothesis, that is, at the boundary of the laminar 
sub-layer, (ud D/v = constant, can be shown as one of 


the special base of our hypothesis, and as the approxi- 
a ‘mate calculation, the experimental data concerning 


the: state of flow near the surface, can fairly well 
ay explained with this conception.’ 


; ‘now few experimental. data, and there is ‘no reli- 
a le foundation to determine oi necessary numeri- 
1 s of. the boundary condition. Hence, the 


_ For the flow with a pressure gradient, we have : 


v 
e 


PS a separation of the laminer sub- layer. | 


‘sub. dayer is ‘explained on a hypothesis concerning _ ee 


the stability of the laminar boundary layer and - 


a 


" oe discussion on the propriety of the concep- 
it is concluded that we can explain the state of 


‘of the laminar sub-layer. . 


propose. one interpretation concerning. “ies 


ON ; ; 135. ss : 


tion of the laminar sub-layer in this-case, needs 


more detailed experimental works, but at present, _ 


flow near the surface of a body, at least, qualita- ay 
tively, using the above fundamental concéptiin as 
Particularly, the im- 
portant character, derived in this theory, that the 
velocity distribution in the laminar sub-layer 
changes with the pressure gradient in the same 
manner as the laminar boundary layer, can be. 
supported by the generally believed experimental 
fact that the surface friction decreases as 


separation point is Oe tae. 


cancion has been ares In this: study 0! 
laminar sub-layer, we can show the phenomen 


nism of the turbulent separation. 


be definitely determined, as in the nee e! 
the transition from laminar to turbulent — 


alone: the puoce of a a Hedy where there is 


Hence, ie is aiffienlt te 
determine theoretically the correct. value of mi) # 


turbulent boundary layer. 


and at present, we can not expect the complete 
theoretical treatment as in the theory of the lami- 


nar boundary layer. But when the mechanism of — 


the turbulent flow in the turbulent boundary layer 
comes to be completely investigated, this investi- 
gation gives a theoretical ground to the problem, — a 
that is, how the correction by the effect of the 
molecular.viscosity. near the surface of a body ae 
may be estimated. 3 x 
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~§1. Introduction 
As soon as a piece of rubber-like material is 
deformed, 


. strained in the following manner and its bond 


each link of its chain molecules is 


ve angles and atomic distances deviate from their 
equilibrium values. This stress is transmitted 

from atom to atom, not through segments* and 
_ is similar to that of a material composed of short 

~ molecules. 
inte ‘is converted to the potential energy of links and 
the modulus of elasticity of this sort is of the 
__ same order of magnitude as that of short mole- 
cular materials, that is of 10"dynes/em’.. This 
| large stress decays with time through the follow- 
ing stages. 


-. a. Viscous Segment Motion. 

As constrained rotations about single bonds 
are allowed—although their potential barriers 
= would be much higher than the levels of the 
< thermal agitation, —each link is released from its 


strain through the thermal motion. The segment 


is wandering among many configurations which, 


Fe “have the same energy with the janctions unmoved 
on the average. The segment motion is supposed 
to reach the equilibrium state at ordinary tem- 
perature within about 10-6 second. — 

- b. Motion of Junctions. 


_ The rubber-like elasticity is due to the thermal 


* A segment, in our paper, means a part of 
_ hain molecule between two adjacent junctions 
' and a link the unit of its motion. 


The work done by an external force 


I. Stress Relaxation 


motion which tends to” inerease the configuration 
entropy of the network. The equilibrium state — 
which corresponds- to the maximum entropy is 
reached through the shift of junctions: and this 
is arate process. When some of the junctions 
slip, the equillibrium state which has a larger ~ 
entropy is attained and it is also a rate process. 
The slip might have a longer~time of relaxation 
than the shitt and the primary cross-links scarcely 
slip at the temperature range of rubber-like 
elasticity. 
c. Liberation of Junctions. 

If two chains liberate themselves at their 
cross-bond (primary or secondary), their energy 
increases by the bond energy and the configura- ~ 
tion entropy also increases. Consequently at lower q 
temperatures the bonded state is stable, but at 
higher temperatures the liberated state is stable. 7 
It is noticeable that, for not too large deforma- — 
tion, the entropy of liberation increases on the “= 
average with the deformation and the transition 
temperature is lowered, In most cases, secondary 
cross-bonds do not liberate at ordinary tempera- 
ture and primary ones -break down only at very. 
high temperatures. 

The modulus of rubber-like ciisteln inclnaices 7 
that of the relaxing stress, is about Uh 
dynes/cm?. 


§ 2. Equations of Rilaxdenaas pera 
W. Kuhn, ative psec ‘ basatioss intro- 


"process. 3 ‘Then Tae of strain is aivelr: as 


pene! 


_ follows : ; : a 


ies delat = (1/5) ould) sinh (Bes), (2.5) 


where 


Ay = 2ng {kT /h) exp (—4F*/kD) 
B; = 4;/2NikT, 
and the total stress, as before, 


oy CoE 
aL 


r the partial stress, the instantaneous tnlad 
elasticity and the time of relaxation of the 


When the partial stress is small, that is” res 
pe (ee and - o is the total stress measured in . ao Spee 
ent. For the. stress relaxation es, ’ a Bore i: . oe 


ny 


See ee iO? Boi 2.3) Kq. (2:5) reduces to Eq. (2.1), if one ‘writes 


; ing stress: is Z . ate Afts = AGBiE; = (ni/Ni)(Eid?/h) exp (— 4] 


—= ® 7 


ef) 


mee Relaxation processes of the following type Y 
On Ge right side a Eq. @. 1) eg firs— term - __ he observed through the wide ranges of ie : 
esents the rate of the i-th. elastic deformation - ture and period of observation. 5 
obeys the Hooke’s law, and the second see Sect Motion. 


, the rate of the on ee flow which is 


painals’ are fixed in space. 


processes or (4) | Their modification lies i Shift of Junctions, - 


ry y the rate of flow is. 


analet sinh Ga Ne) 


cétablichiabar of ‘segments would be som \ 


-conceptional one. 
rection of oe stress, between “two c. Slip of Secondary Cross-Links. 


The ae includes. the reformation | of a j 


some eats) temperature which is lowered with 


Fad Zz 
©. 2 deformation. 


ay ie = (Rh) i Sigs 2 is ee Sat e. Slip and Liberation of Primary oon ree 5 
fe os rem is ests Sy 7 The slip of primary cross-links would scarcely ie 

Ca = exp (- AF a! Paphoie a: take place and the liberation of them proceeds at 
: high temperature where rubber-like enengy no 


longer holds. . ee 

Baus as eee = - There might be different types of secondary arate: 

’ LU ey oe a 

E ot dees . ‘of that oheelinks: of which some is stronger and some a 
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weaker. They would manifest different relaxation 


processes. 
If the relaxation time of one process is far 


- apart from the others, one may regard the pro- 


cesses of which the relaxation times are much 
longer than it as non-relaxing and may disregard 
the processes of which the relaxation times are 
much shorter. Therefore one may consider them 
to consist of one relaxing process and a non-relax- 
ing one. 

If a body undergoes a constant strain instan- 
taneously, as before, one gets by integrating. Eq. 


(2.5) 


tanh (B;o;/2) = tanh (B,o;°/2)-exp (AB: Et) 


(2.9) 
‘where a;° denotes the initial value for o;- Let, in 
brief, 
| D; = tanh (Byo;,"/2) (2.10) 


then one obtains from Bas, (2. 8), (2. 9) and (2.10) 


* B;0;/2 = atctauh [D; exp (— t/t] (2.11): 


“Expanding the function “arctanh”’ in the follow- 
__ ing power series, one obtains 


Bio;|2 = D; exp (—t/r;)+(1/8) Di exp (—8¢/r:)++++ 
| (2.12) 
says When a long time has elapsed, that is, 
t> % 
then’ 
4: & (2D;/B,) exp (—t/t1) (2.18) 


and one obtains the relaxation time r; from the 


latter part of the stress decay curve. It is con- 


a venient, however, to calculate the following func- 


pon of t/t with the parameter D 


: ‘tte, D) = arctanh [D pe (—t/*)/[D exp (—t/r)] 
(2.14) 


Let one define the asymptotic stress decay curve, 
represented by Eq. (2.13), with o,* 


ste 


oi* = (2D;/B;) exp (—t/r:) (2.15) 


and knowing the value of the parameter D;, one 


-obtains the stress decay curve as follows: 


a; = o(t/ti, Di) oc* (2.16) 


- When the initial stress is large, however, one 
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energy of activation” and “the entropy of activa- 


(Vol. & ; 


needs not know the precise value of B,o;), because 


D,~1 if Bw >. : 


Fig. 1. 
eit/t, D) as a function of t/r with a 


parameter D 


_ Now, from Kg. (2.8) 


t; = (Ni/ni)(h/EiAe) exp (—4Si%/k) exp (4E,¢/kT) — 
(2.17) 


where 4H;+ and 4S;+ denote respectively “the 


tion” of that relaxation process. 
On the right side of Kg. (2.17) each factor 
except the last depends little on the temperature, 


and therefore from the relation between 7; and 
T, one obtains the value of 4E;*. ; 


I wish to express my sincere thanks to Mr. 
G. Hirokawa for his continual encouragement, to. _ 
Prof. T. Sakai, his co-workers especially to Mr. 
R. Kikuchi, and Mr. A. Ookawa for their good | 
advices and to Mr. T. Matsuda for his assistance. 
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bearerimental Apparatus. 
‘The apparatus which we used in ‘measuring The) output current of the ‘amplif 


7 e stress relaxation of a tages aha it oe corded by a electromagnetic oscillogr: 
_. the vibrater has its natural period of vibr atic 


about 1/1, 000 second. As the lever mov: S, 
attached reed of Bote slid 


- Fig. 2. The. compression is given ee 


ae lever which is supported < on. the one, 


lever is ‘recorded on re same soxllbare 


variation of the current, 


and ‘the Peer rabare: } was measured by a co) 


Bi shies 


always But immediately before the ‘measure ri 
ment, and each measurement was ‘completed +s: 
_. within 15 seconds. The bakelite plate, 3mm’ in | 


1B Continued to the preceding paper 


; : ete a : : 


Table I. 
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thickness cooled in the thermostat, was inserted 
between the sample and the piezo-electric equip- 
ment to prevent from the heat conduction. The 
temperature rise of the sample due to the inser- 
tion of the equipment was within 0.5 C. 

The rubber samples — especially low sulphur 


vuleanizates — cooled in the thermostat, crystallized ” 


locally to some extent and the relaxation time of 
them became longer than before crystallization. 
The effect of crystallization, however, was below 


the experimental error within 2 hours. The sam- 


"ples. were heated at 50°C for an hour every 2 hours 


of cooling in order to avoid the crystallization. 
The samples were cylindrical, 15mm in diameter 
10 mm in height, and both bases of them were 
prevented by sandpaper from gliding during com- 
pression. 

_ The compositions of the samples are listed in 


sample 


smoked sheet 100 100 100 
zine oxide 5 5 5 
stearic acid 1 1 1 

_tetramethylthi-— al _ _ 

___uram-disulphide . 
“dibenzthiaayl dul — A 0.8 

phide 

sulphur 1 3 TBpe 

valeanized 138 °C 138°C | 143°C 

x30 min | x30 min)| x30 min 

density at 20° in 0,962 0.978 0.992 
g/em 

shore I ne 26? 342 


24? 
20°C 


Results. 


: : 


A few examples of the oscillograms of stress 


_ relaxation are shown in Photos, 1~ 3. The upper 


line Eeaeents the strain, the lower ae the 
stress.” 


as Procedure of Analysis, ' 


ae 2 (4 : 
Finite time is needed during compression and 


. | -we take the origin of time at the instant when a 


constant strain is attained, 


Finite period of compression brings no error 


in obtaining the relaxation time, although it makes 
a correction necessary for obtaining the indtan 
taneous modulus of elasticity. 

We divide the total stress a(t) into. two 
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if time 
Fig. 3. 
Stress decay curve. 
8200 . 
S: @D 46.0 75 % comp. 
2 1.01 Je OB obs, 
S 80h 0,(t) cal. (T-E) 
& 60 ---- G;(t), cal. (K) 
B 40 
& 
£30 
& 20 
8 
© 10 
a8 


— 
oR 
~e 


(Vol. 
partial stresses, of which the first ¢, may be con- | 
sidered as non-relaxaing and the second o,(t) 
relaxes during observation. In determining the 
partial stresses and the relaxation time, we shall 
make use of ‘‘the method of successive approxima- 


tion’’. (Figs. 3 and 4) 


Observed relaxt 
stress 


,T- ES type 


"aN 


stres? 


050 060 


0.20 
me in sec 


Fig. 4. ah 
Relaxing stress in semi-logarithmic scale. 


030 040° 


We consider a (¢,) — t, must be taken as long 
as possible — as the zeroth approximation ¢,) for 
o, and the latter part of the zeroth appreanas 
relaxing stress 


* 


o,(°) = 6(t)—, 0) 
gives the roughly approximate relaxation time 
t,/(), Then’ the approximate asymptotic stress ~ 


FOE )/o(t/ra/(, 1) 


~ 


gives more approximate time r,/’, and at last — 
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No 240 ~40,0°C! 8 A-50° “4gis 


strésis 


Photo. 1. 
B. -40.0°C, ¢ = 8.896, E, = 11.8 kg/em?, r, = 0,182 sec, ct; = 0.022 sec, 


No 229 


@ ~46.0°c 


sec 
lege i 
adtuveverevescese vovewborssv0ss sovesooveveusveeveoremusoress ronuveveussemyseesousivnrressrssesereveessal ieveseoral vosvryacedeerecramrevacsseonererstsveunesreuseetiars Oc rabterereocumsimnanet-abesets coh enserenert ait 


Photo. 2 
D. -46.0°C, «= 7.5%, E, = 11.9 kg/em?, +, = 0.56 sec, t, = 0.054 sec. 


Photo. 3 ; ( 


G. -29.5°C, © = 7.99%, E,=18.1 kg/cm’, r, = 0.090 sec, 1, = 0.0083 sec. 


80M 8) = otal”, V 


zeroth approximation t,) for t, from its tether 


>} 


part. 

To get the relaxation time we draw the relax- 
‘ing stress jon semi-logarithmic section paper with 
the logarithmic stress, then the slope of the 
stress-time curve gives it. The same process may 
be repeated with the first approximate non-relax- 
“ing stress 

a) = a —a,* (E;) 
{ 

until o,(s-1)—o,(s) becomes within the experimental 


error. 


In most cases the zeroth approximations were 
already sufficient and in jother cases the first 
approximations were necessary. The accuracy of | 
stress was 0.05mm on the oscillogram or from 
0 007 kg/em? to 0.011 kg/em? as the shunt. resis- 
tance varies, and that of the strain was 0.004, 
where the strain itself was about 0.08. 

In the above procedures the relaxation time 


tT, and the asymptotic stress ¢,* are determined 


.from the latter portion of a stress decay curve, 


and 
d, = (t/t, 1)+0.* 


coincides. with the observed relaxing stress 
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{ Y, P= a(t)—o, 


except at the initial part of, it.. The latter @,, 
however, is larger than the former 4, at that 
part (transient stage) and the difference 


64 = 0,—64 (4.1) 


_ introduces a new decaying stress, which relaxes 
apparently exponentially with time and has its 
relaxation time Tee Transient stress «, decays 
more rapidly ‘than ¢, does and ‘t; is about one- 
‘tenth of r, 


Ps GER oo 


SS 


-59 -40 -30 -20 =10 0 


Se Gee 
acts 


SAN 
eee 


NRO W& KR Ao 


FG a. ee 8A SR 
Fabia SS CESS GR | AK ER, 
eB ach, RIE A a a 


Ler 
B 
et 


ee 


ae 
ait 


4645 44 43 42 41 40 > 38 37 %6 
Pare T x10? deg-t 


By ' 
: es Pe Fig. 5. 
_ Relation between relaxation time and tempera- 
_ ture. abscissa is 1/T, ordinate logarithm of 
relaxation time. 


-noticeable that 4H,* and 4Ey+ are nearly equal 


\ 
‘ 


(volt 


b. Time of Relaxation and Temperature. 
As is shown in Fig. 5, both log rt, and lo : 
depend linearly on 1/T, and from Eq. (2.17) t eir } 
slopes give the energies of activation 4E,* and» 
4E;,*+ which are listed in Table Il. 


Table II 
sample : AE,* q 4E,t 
B 15.4 keal/mol | 15.8 keal/mol 1 
D 15.4 15.5 
G 16.5 17.0 


J 


The accuracy of 4E,+ was about + 0.1 keal/mol 
and that of 4H;+/about + 0.5 kcal/mol. It is 


for each sample ‘and they have the tendency to 
increase rp some extent’ with the degree of vul- 
canization. 

c. Non-Relaxing Stress and Temperature. 

We have measured the stress relaxation of . 
the same samples at some temperatures up to 
room temperature and any other relaxation pheno- 
menon was hardly observed. 


Pee Pane we at heen GE RL pnt eh ep ate Gay lan a al 


"50-40-30 -20 10 0°10 20 30) Te 
temp in °C. | 
Fig. 6 
Modulus of non-relaxing~ elasticity 
and temperature. 


In Fig. 6 the modulus of non-relaxing elasticity 
is plotted against temperature and it is likely to 
be independent of temperature, t ee 

If there were no other relaxation process in. 
this temperature range, the modulus ot non-relax- 


at~ reat pt, percents, consequently ‘the 


i of elasticity also eontain errors of at, most | 


10 ‘percents, but ‘the relative stress, necess- _ | 


for re the relaxation time, is. much | 


heh: is Mss same for samples of 
e F-dimonsions, in ae 1 45 for our, 


_ Ascontng | to our experiment, ‘Eq. @ 9) or ‘the relaxing stress, | 


s 6. Foca 


é cae to represent the stress. ‘relaxation. than fo. 


Be 


Bi : 


(2. 4) eee pelasation), and ‘moreover, in our 


ae é > oe bah Mee ce Wile ao ba : said be pet ‘to oe. shift of | jun 


Mee es a 


AS anid mentioned apy other relaxation _ slip of a type of secondary cross 


-Eyring’s en er is ie faded at 2 


‘ 


om 3 Cc ‘to room 1 temperature guage 


On the other "hand, eit seems i SPobélsky-Ryring’s 's “equation. is a 


describing the whole stage of its 
This report is a part of the * 
as an. yee meterial” w 


; gress, 
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Multiple Scattering of Fast Electrons. 
Part. I. Theoretical Considerations. 


By Ken-ichi SHINOHARA. 


Introduction. 


Pe | § As 
3 treated, theoretically, by Williams) and also by 
Goudsmit and Saunderson@). In either case, the 
van elastic seattering of electrons by an atom has been 
: “assumed to take place, and the result of a certain 
: : “number of such collisions has been computed. The 


g “comparison of their results with the experiments 


ey shows. that the experimental results give generally, 
at a much smaller scattering when lead is used as a 
. “scatterer and an approximate agreement when light 
_ materials such as carbon or aluminium are used. 
" i te Since the materials such as lead or aluminium 
ah are always composed of minute crystals, it is 
certain that the interference of electron waves 
hi scattered by neighbouring atoms. in each minute 
a __erystal occurs, instead of independent scattering 
a “by atoms taking place, ieee has pointed 
4 ‘the Ps electron waves coming from diferent 
’ ‘atoms may not reduce the scattering but the higher 
* order interference effect as in the Darwin-Ewald 
G X-ray theory will appreciably reduce the seattering 
* and bring it to a value in accord with the obser- 


= 
% vations. Williams believes, however, that such a ” 
ex 


_ . higher order interference does not occur. 
In spite of these remarks by various authors, 
iti is $ tried, in this paper, to calculate the scatter- 
ing by taking into account the first order inter- 
N - ference (kinematical treatment) since the method 
of Goudsmit and Saunderson and of Williams are 
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Abstract. 


The multiple scattering of fast electrons by thin foils has been calculated on the assump- 
tion that the electrons are diffracted by minute crystals forming the foil. 
was that of Williams and the resulting distribution of the projected angles is given. The. ~ 
‘result shows a better agreement ‘with most of the experiments than the previous theories. _ 


_ Multiple scattering of electrons has been . 


\ 


‘ 


j 
; 
- 
a 


The method used 


certainly incomplete in that they neglect the inter- 
ference effect. The result of the calculation shows 
that the higher order interference effect will pro-— 
bably not change the present result appreciably. / 

The scattered electrons, in the present calcu- 
lation, consist of two parts. One is the beam — 
reflected from various net-planes in the crystal 
and the other is. the diffusely scattered beam due 
to the heat motion of the atoms in the crystal. : 

The general Se eg t= followed was that of 
Williams. 


be SecA en wp pe Cok igh SN eh py A: Ia inks th i AP 5 Alena father oo BF a 


§2. Intensity of Reflection from a 
Minute Crystal. 
a. Reflection from a net plane. 
If f,(%) is the intensity of the electron beam 
flected from the i-th net-plane of/a crystal of 
volume 6V into a solid angle d2 = sinxdz%d¢ we. 
have (4) 
ag MOV oe 


Xs..Var 
siné — 
2 


| ( utdx = = ([F¥-F®Pe~ 


ee ae 


(1) 
where e, m, v, and A are, respectively, the charge; 
mass, velocity and the wave-length of the electron} 
F¥ and es the crystal structure factors for the 4 
nucleus and the electrons, vq the volume of the 
unit cell, 7 the number of planes of’ like- spacing 
in the crystal and %; the Bragg angle. e-* isthe 
term which give the correction for the crystal 
structure factor to make allowance for the heat 


, 


on a similar way as in the method of Williams, 
the projection of the deflection of the particles o 


the plane at right angles to tbe line of sight, which . 


is the plane containing the initial direction, is ni 


rary: % after the Saateeeing ‘by! a Yninute, pee 
ee ae Ss Biven- by ; ge 


i, 


PO. db = i, {Bh witless udu a 


‘ 

=> 
Li) 

— 


f 


zero. otherwise, va cists ake pan number 


nto: account, the possibility. of negative 


“i 


"assuming a ‘eholly” random Srlentation of a onate 
erystal in the foil a and. computing the Sree of 


j Abe “Temperature diffuse scattering. 
_ According t to Zachariasen(, the ete 


such that in traversing the foil of scatte 


4 ‘and are ‘not easy ‘to take ‘into our’ caleulation, stance, the electron ” eEHCHEee on the 


a But it was also pointed out by him, that if a rough 2 
rage of the intensity of. ‘the diffuse scattering yj hs NS 


over t cattering angle is. estimated, the result- 
‘ing: ; intensity distribution is” ‘nearly ‘the same as — i 
that given by Debye, The Debye formula has, ies EN: 

hee = is the number of small is: 


i the ref A “been sed. in our ealeulation, The ex- OV. 
f a er 4 unit area of the foil. Pe) a decreases x mi 


a e 


‘pe te va) Velen ads RH, pm Yen 
crystal, and” is given by ne no if nm is the 


es number of atoms in” the unit cell. Ah a face 
« will conform very nearly to a gaussian 


bution. Lae as 
f td attered beam from: (+: reve ek aha 
“The total intensity i the me a ts He gaussian distribution can be written as — 
. - 4 2 7 ~ a2 i, - .* ‘ 
A) He ay = foae ) | 4 


Caleslation of ae e Distribution of where a, is connected.to «2 by 


a2 


aE ae he 
= eh here tae 
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e2 can be obtained from the similar quantity ¢ for 
the scattering by a single minute crystal, instead 
of a single atom in the case of Williams, by 


a2 = yg, (8) 


where v is the avereage number of collision of the 
electron in traversing the foil and is given by 


e vy = Niet, 
4 oN; being the number of minute crystals per unit 
_ volume and ¢ the thickness of the foil, and ¢ the 
> eross section of the minute crystal. The volume 
‘ 4 of the minute crystals in the foil are assymed to 


be all equal: 

sith Caleulation of ¢,.— 
In Fig. 2, Let AO be the direction of the 
SK = ineident ‘beam and let the part of the scattered 


og beam which gives a projected angle larger than 
$s falls to the right of the line BC or the left of 
_ B/C’. In these regions ¢ is usually large, and the 


) 
D 
aS 


pregans ey + ; ‘ ‘ 

ce planes are, usually, negligibly gmall. The diffusely 
"scattered beam only is important. 
; From (5), we have, therefore, 


aes f 


Ma 
at? | 
$7), 205 sinzdz= 1 (9) 
\ 
tang, 9)* 4. ; 
eer an Since e~*% and f are almost 


j i ‘equal to zero, at these angles, we can further write, 
Ee: for a face-centered cubic lattice, . 
“aay em 
2 % pe 
\ SAXE sid X dX = \ ee tdz, (10) 
Ly ay vant Rak ; 


(11) 


‘ae contribution from the beams reflected from net-. 
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‘eross section can be written as 


as (7 Pe fi(%)2z7 sin , dx = 2x = sin xa) Fue) | 


where /,(%) can be obtained from (3) 


.more rapidly than the diffusely scattered beam. 


wie wire re x a Sa, " oy Ny ah Soe ae ee 
P wae Pe as v bath re 


*. 


Integrating (10) and comparing with (9), we get 
finally, . 


he (12) 
, 2 
ec. Calculation of ¢ and «x 
The number of electrons falling in a ‘narrow 
region lying between two parallel lines BC and - 


B/C’ contributes to’ the gaussian distribution. The 
¢=6,+92 
where zc, corresponds to the contribution from the 


beam seattered within the cone of the semi-apex 4 
angle ¢,, and , the contribution from the shaded | 


| 


(13) 


area. g, can be written as ; ac 


an = | dy thee sin 2 de 


Since the beam reflected by a single -net-plane is 
concentrated in the neighbourhood of the Brage : 
angle, the first term in the parenthesis can be 
written as: ‘ : : 


4 é 
= on SH, falta : 


3 : . 
\ ‘4.(%)dx, in this expression, can be obtained 


from (2). ; ‘ 
We have therefore, 


Bs . ty | ; | 
ay = 22 Sx fuer +on|"yenax (ad) 


_ In estimating the contribution to ¢ from the — 
shaded area, we will neglect the beam reflected — 
from net-planes, as its intensity decreases much 


We will further use a simplified form for FAD: 


DiV 
OS Ra Rae pe <i 
‘ : : 5 » 
Then we get . 
«, . 4DaV a Ad 
a 34,2 ° “ (15) ‘a 
ae Sed i ame 
In a similar way ¢ can be obtained: ' 


-* When the angles ¢°or x are small, tan ¢, 


sin %, ete., are replaced by ¢, % ete. oy 
Ae i: 


Room tempe- 


Jartree distribution for aluminium: 
nes (200° papiue) was asared for the tem- 
| and - the total 
Cob the electron was Easumed ‘to be 4.56 


\ 


Bs Bed sei tanh te Si aes oN 
cand for aluminium Re te ia 


0.07 


Beet: oe Jet (nem) 


Ts i 


0.705:401 


Mat? 


182 log ai av. - Gn radian’) 9 


* E 
} : ate q Rae y i i f 
“7 \ 


fn sty independent of the total energy W, since to 
a good approximation 3 “Mt was inversely proportional 


ie 


i calculation. epee ; 


isin Bae Soe § hehe | 
eee mv me W 
iy the electrons is nearly qual to the light velocity, 


an. 


ae is independent of the total energy W. The 


when the velocity” of 


av rage value of. Wa computed from the experi-_ 


! i 


v. (wave-length 4 = 2.49x10-" em). The result 

; of eseneviation is, fob ead» aa eg Sa ae, 
ra jv, (in cm) a7. 

Gb iby; ; re 


pression ea oy os is eiaise inagbendent of the energy. 


acces eee, (in raion (18) n, 


ae a 


In this form, the distribution in Wa was nets. 


is Ww. -- Fortunately, this is nent the « case with the fi 


— It is: Signe ‘seen from co) that when ed 


mental results: can, therefore, be directly ceppared 


with the present caleulation. ‘ ne pase 


§5. 


with the theories of Goudsmit and S 


m by Williams, 


- length | of the shortest electron tracks 
was assumed. to be- 6cm. . 


theory. 


‘Comparison with the Theda ee 
Williams and * Goudsmit — I 
Saunderson. 


Table abe Comparison of “the” oe 


of Williams for a lead. scatterer. 
eer Orbe em. | 


Gouda and Saunderson | 
a or X: rete ees, 
re ‘ fl): F(a) i Ea)! pee 
0° :; RL he Se wy 
Up gine Scare CWslialee gel 
LOPES ARG UNAS Mag ge 
pt MB) Mot ate 
oe Ga ROOM Oat 
To5s Kota han 
Mest mene srte ted tieapoae tan Wi se wi Ta 
SB AS ys BT oT 78.6 
4o°..| 28° .| 72.6 ps 
: (15) i Af [SB ie 


The veka a column “Biyes 


condition using alia hi eee also. « 
from the same theory. The illuminated 
the cloud chamber was taken as 20 mn : 


This shows also 
lar distribution. 


The fifth column gives ‘the dis ie 
bein ppeince by Williams. as sixth ue m ps 
Fig. 3 gives the deer! of ibe pro- 
jected angles in-the three theories. as . 

The. distribution ' given by Goudsmit A eee: Ay 
‘derson shows a slightly smaller ‘scattering than 


-- - matical theory of diffraction. 
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Williams 


Goudsmit and Saunderson 
/0) 


Present 


Fig. 3. 


Comparison of the present distribution with 
- those of Goudsmit and Saunderson and of Williams 
for a lead scatterer. W = 4.56 Mev. ¢ = 0.0115 cm. 


that of Williams, and the present calculation shows 


_is, certainly, in better agreement with most of 
_ the experiments. 
and of Goudsmit and Saunderson are both based 
“on the same assumption of independent scattering 
by neighbouring atoms, the resulting smallér scat- 


oi tering in the case of Goudsmit and Saunderson 
_ has been caused almost entirely by the difference 
“in the method of treatment. 


As the method of 
’ Goudsmit and Saunderson is probably more accurate, 


Beir our calculation, which follows the method cf 


‘Williams, can also be improved in its exactness, 
if it is. possible to adopt their method. The result 


will probably be a still smaller scattering, but its 


exact value is difficult to estimate. 
A comparison of the theories with our experi- 


- ment as well as with others will be given in the 
2 _ next paper. / 


‘The present calculation is based on the kine- 


It may seem neces- 


a still smaller scattering. ‘The last distribution 


Since the treatment of Williams — 


ie ase 


sary that the dynamical freatment such as those 
of Bethe() should be used. But the actual caleu- 
lation shows that, it is the diffuse scattering wll 
is giving the main contribution, to the distribution, 
since, the reflections by net-planes are limited in 
a rather small angular range. ‘Such a treatment,J 
will, therefore, not change-the distribution essenti-_ 
ally. It seems, possible, on the other hand, that 
since the formula of Debye is admittedly not ve 
accurate, a more accurate treatment of the at 
fuse scattering may improve the distribution to” 
some extent. => : 
The effect of the inelastic scattering is not 
included in the present theory. It is difficult to 
estimate its effect. 
scattered electrons are concentrated in an extremely 
narrow range of angles in the neighbourhood of 
the direction of incidence, its influence on the 


But, since the inelastically 


result is expected not to be very large. _ , | 
. t 
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eee (Read April 30, 1946 : feasted October 13, 1948) 
Re, ape akskeass r : : 
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t 


1. Introduction. 7 , ae 5 roe We dtd ee 
: 


Seni’, 
offers a means of determining the skin friction 
der ‘the assumption of a given velacity distribu- based on the same assumption, Ries x 
tion outside the boundary layer. Owing to the _. Now, if the assumption were “pdequ te 
mathematical difficulties, however, exact solutions should expect the separation of flow to oc 

e possible only when the velocity distribution  akcertain definite value of o, “whatever _ 

) expressed as a ‘ainsple furiction of ‘the distance ~ distribution of velocity outside the boundary aE 

long the surface. More complicated velocity dis- That this is not the case, however, is readily s Ss 
butions “necessitate. recourse to the method of since the value of o giving ‘separation is —0 
xpansion in series or that | of step-by-step calcu- according to Howarth’s solution, and - —0.06 
itions, but the labor. involved is too great for the cording to Falkner and Skan’s solution 990, als fhe 


“The theory, of the laminar boundary bree 
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ee 
LJ 
Oo 
-@O 
_ 
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1ethods to be of practical use. Approximate . 1 
ethod. ‘due to. Pohlhausen (1921), whieh had long the. writer to Poliewe that ¢ does. not exact 
een ‘recommended for: general use, gives a reason- the velocity distribution, and that other P Py 


ly: aceurate solution in a region of accelerated: i such as 7 


ow, put recently its adequacy ° ‘in a region of Beh Stee ae @u dU \2 
‘ } Ae eT a le - 
arded flow has been questioned. Separation OF ci hal iat SO da? dex 
flow may. actually occur where the ‘solution of 
| ohlhausen fails to § give it. More recently Howarth _ 


d nother roximate means of 
938) put forwar . app bineay o is aieaGs zero for Howarth’s  soluti 


h s fairl reasonable results in 
lution, whie give y : ponive for Fallener and Sa Ss solution n 


é egion of retarded flow. od aa 
"Howarth’s solution cucentially consists i in Soly- 
ing the boundary layer equations for the particular 


ease in which the velocity U outside the boundary 
ayer decreases linearly with the distance a” meas~'. 


: an airfoil of the laminar flow type, and also 
ured along the surface, and utilizing the solution 


by replacing the actual distribution of U. by a 


served the position of transition from lami : 
turbulent flow in the boundary. dayer. On applyin 


eircumscribing polygon. of infinitesimal sides. Howarth's method of solution “46 hig observed 
‘Therefore, ‘it is assumed that the. velocity distri- 


bution ~ at any section depends on the - ‘velocity 
dient dU, |dx at that section only, being affected 
db the conditions upstream only i in so far as this 


the simanae thickness a In other words, ‘ 


velocity distribution, the writer found the separa- 
tion well ahead of the transition. This seeined 


unreasonable, but at that time the problem was a 


4 


pursued no farther, since the velocity distribution g 
had not been measured sufficiently precisely. Pro- 
bably, however, the unreasonable “circumstance 
“will partly be explained by the effect of », giving ae : 
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separation too late since w is negative in the 
region between velocity maximum and transition 

for such an airfoil. 
An attempt was therefore made to investigate 
' the effect of w on the velocity distribution across 
‘ % ‘the ‘boundary layer. In view of the practical 
ae interest of cases in which » becomes negative in 
- the neighborhood of the separation, it. was decided 
“oie ~ to solve the boundary layer equations as accurately 
a8 possible for the velocity distribution U =:Us+ 
_ cx® with m= 2, 4 and:8 (Howarth’s solution cor- 
: responds to the case x =1). This particular solu- 
tion is then used as a basis for rough approxima- 


© tion to the solution in the general case. 


_§2. Solution for the Special Case of 
_ Velocity Distribution. 


for a velocity distribution outside the boundary 
layer of the form 


U = U,+cx, 


‘where * is the distance measured along the surface 
and c, n and U, are constants. The giathod of 
‘solution is the same as given by Howarth ‘for the 
particular case where n= 1. 
We assume an expression of the form 


b= VinU, = £f,(7) 


for the stream function ¢, where &=8car/U,, 
& ae = (y/2) VU lve, and y is the distance measured 
* normal ito the surface. Substituting this form in 
"the boundary layer equation — 


- (where w and vy denote the velocity components in 
.the directions x and y), and equating coefficients 
of the various powers of on the two sides of the 
equation, we obtain a series of differential equa- 
_ tions 


flll-+hefl! = 0, 
fil! + fof! —2nf'fil +2n+ Vfl, = —n, 
Fa tS efill —Anfuifi! + (n+ Wifi 


ae = Gnd enh Ons Dfh", 


eae ANIA OETE HORA DK 


We consider, first of all, the solution in series . 


= 6nfi'f Ont fifl! QnA For 


eoe eee esereeceensewesseseesere eet 
‘ 


where dashes denote differentiations with res 
to 7: The boundary conditions are (since us 
= 0 at y = 0) £0) =f’) = 0 for all values of r, 
and (since u= U at y= ~) fil(o) = 2, fil() 
1/4, f-/(0) = 0 for r22) 

The solution of the first equation was giv n 
by Blasius (1908) and Toepfer (1912). A table | 
fo has been given by Howarth | to five decimal | 
places. In view of the importance of f,, on whi bi 
all the succeeding functions depénd, the integration 
was carried. out afresh by the present writer to: 
give f, to seven decimal places. : 

The solution for » = 1 has already been a | 
uated by Howarth,’ the functions being obtained | 
Calculations for cases 


whefe »=2, 4 and 8 were carried out by the | 


up to and including Si 
writer. Since the determination of /f, requires the 
knowledge of fi, fi, ..-,f>-1, the significant figures: 
of the values of f, decrease as r increases, the | 
effect becoming more serious as m increases. Thus: 
the functions were obtained up to and including 
Sf; for n = 2, f; for n = 4, snd (Eee Ss : 


$3. Calculation of the Confection 
Term. i 


Unfortunately, peas the series converges. 


so slowly, that the functions so far evaluated a 
not sufficient to give a sufficiently accurate repre 
sentation unless the absolute value of ¢ is small 
Many more functions of the higher order wot ( 
have been required, but the labor involved would be 
prohibitive. The difficulty may be avoided by aps 
plying an approximate method of procedure, whicl 
is originally due to Howarth, and based on: tt he 
assumption that the functions f,/ of the higher 
order are expressible with reasonable accuracy ' 
the form K,» exp(—a7*) where s, a and K, are con 


differing for different functions f,’.. The adequacy 
of ‘the pain may be justified from the fact 
that, apart from f,, f; and, which are exceptions | 
the differential equations defining f, are of thé 
same form. It was found by trial that s = 2, 94 
2.57 and 2.22; a = 0.135, 0.235 and 0.385 for n = 
2, 4 and 8 respectively (Howarth adopted s = 3, a 


ee 
ou we 


 @ulPy)y-a = = 0, Pibires cere Sep (0). "Actually, 


_ however, slightly before reaching the separation, 


A+B By becomes zero resulting an infinite value | 
dF ids. ‘This failure must be due to the inexacti 


in the form assumed for the correction term 


spetively. ‘Substituting the expression in 


ie 


ae vay “ie ze oy 
the enone Sea a ahh 
Qu 9 sce 
Tpele),.. A , 


oe _ ) ne 4 P+OPs RP, ae Cee nae \e athlon is obtained Ry. diferentating. 


Th eo ee | Ae enn a ; Magee eee, € | 
MO OR ha ae rE SME se ee =0. The corresponding equation for 


ou ¥ t 
wk ? \ 
- ; 


Se" Gdn -(H 8h “cas), » { [ RG, . . MPs Beno Z (P+ Snr} 


=e ane giao 


ia 
ey 


‘ 


en: acne Hor C, put in vie 


“ 


jae of Pepe nee et oy seems _ 


(woe) Bers! with, sufficient accuracy ai wr 
eacertt j 


6, £0. 14 | and p0.0 06 for n= 2, 4 and 8 ria 


He oa at of! aceuracy here ‘nckieweas “Howart 
for BF ‘The @ accelera oe nee may be ary 0. 960 at poe ican fo ae 1. < ie 


extending the Reve, for ie ety 


i a is item 


Tables 1, 2 and 3 contain be ie of uf U for several . 
values of € and 7. Values of , 0, H=o*/0, T= 


v1 


0 
0 
0. 
0 
0. 
1, 
1 
a 
“A, 
<5 
2, 
2. 
2. 
2. 
es 
3. 
3. 
3: 
3. 
3. 
4. 


. 2 


SWORN S DARN S DRANS WARNS | / 


{ 


Lr SORANS DAARNS WHRNS WHARNS 


Pewwow NNNKN PeHEE SSoof) 


WA 


0.973 | . 0.955 0.947 
0.986 0.976 0.970 
0.993 0.988 0.985 
0.997 0.994 0.993 
0.999 0.997 0.997 


~_ 
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Table I. 


, 0.980 
0.990 
0.995 


0.998 


0.999 ° 


| —0.025 


—0.012 
2.721 
0.180 
0.568 


—0.300 


—0.039 
—0.020 
2.814 
0.154 
0.645 


Table II. 


Values of u/U ete. for n = 2. 


—0.400 | —0.500 | —0.560 | —0.586 
0.000 | 0.000 | 0.000 | 0.000 
0.073 | 0.051 | 0.082 | 0.011 
0.161 | 0.121 | 0.086 | 0.046 
0.262 | 0.208 | 0.159 0.102 
0.370 | 0.307 | 0.248 | » 0.176 
0.481 | 0.414 | 0.348 | 0,266) 
0.589 | 0.522.| °0.454 | 0.367 
0.688 | 0.626 | 0.561 | 0.473 
0.774 | 0.720 | 0.661 0.578 
0.845 | 0.800 |> 0.750 | 0.677 
0.900.) 0.865 | 0.825 0.764 
0.939 | 0.914 | 0.884 | 0.837 
0.965 |. 0.948 | 0.927 | 0.894 
0.981 | 0.971 | 0.957 | 0.985 
0.990 | 0.985 | 0.976-| 0.963 
0.995 | 0.992 | 0.988. | 0.980 
0.998 | 0.996 | 0.994-| 0.990 

0.999 | 0.998 | 0.997 | 0.995 

1,000 | 0.999 | 0.999 | 0.998 
= 1.000 |  1.000°| 0.999 
= a = 1.000 


Values of u/U ete. for n = 4. 


—0.074 

—0.04 
3.14 
0.079 
0.248 


me "Values of wT ete. ae Wee: 


0.080 ae 0.160 


0.001 .000 | 0.000 | 0.000 0.000. 
0,183 120 | 0.106. 091 | 0.074. 
0265 | ‘| 0.223 | 0.199 | 0.169 
0.394 | 0. 0.346 | 0.316. | 0.280 
0.517 | 0.494 | 0.468 | 0.487 | 0.399 
| 0.680 ). 0.584, | 0.5 0.517 

0.729 | 0.710 | 0.689 ° 662 | 0.628 
“Y.BI9 1 0.778 | / 0.78 
30:876 ||) 
0.923 


| 0.985 | 
|» 0.976 | 


ES 


4 


(SWORN S WORNS DOR 


es 


|. 0.546 | 0.660 |. 


Se he ie Table Tv, ‘ 
/ Results | e Eels solation j= = 1). . 
Se al 


[2] ; 
hee (= 0.012 
ts 


21 }- 0.199 
Ril 0.498" 


6 “Table Vv. eat 
_ Results of eee 8 solution (= 


( 
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6t,/ovU and ¥ = 2T—(3+2H)¢ (where 7, is the 

~ intensity of skin friction, @ and 0* the momentum 
and displacement thicknesses) are also included in 

_ the tables, whilst the corresponding values deduced 

' from Howarth’s results (m= 1) and Hartree’s 
results (U = «*) are presented in Tables 4 and 5 

respectively. 

ant | Now, if-H, 7 and ¥ are sie ted as‘ functions 
ee : of o, the curves for different forms of velocity 
28 distribution, U = Uy+ex™ with »=1, 2, 4,8 and 
U = x%, are not in agteement, indicating that the 


velocity distribution across the boundary layer 
oe cannot exactly be determined by a single para- 
at i meter, ¢, The separation of curves appears to be 
in the increase in H and decrease in T for the 
we a value of ¢. The effect is considerable in the 
“as the separation is approached, Thus, the values 
: i a | giving separation are —0.068 for U = x (« = 
: and —0.084, 0.092, —0.103, —0.119 
_ for n = 1, 2;'4,8 in'U = Uy +cx". The correspond- 
ing values of w are +0,057, 0, —0.053, —0.169, 
—0.429 respectively. It is concluded, therefore, 
y _ that the criterion for, separation foro=0(¢= 


a me case #>0, and too early when anulied to the 


Ss 5. Pespeoxitnate Solution for the Gen- 
eral Case. 


fave The; momentum integral of the boundary layer 
"may Be put in the form 


form 
Oe hy raga SONS 3 2 
Rea os By 1 . 
yer = (ert) +c) vide, 
if it is assumed that ¥ = C—ke in the region a< 
wh *=b. Since this requires to replace the curve of 
' YW against o by a polygon, the calculation may be 
_. performed only by the method of successive ap- 
: proximations.. 
accurate results are obtained in the following way : 


\ 


a _ due to the effect of .w, the increase in o resulting + - 


en of negative ¢, i.e. of retarded flow, especially - 


ie eee. 084) gives separation too late when applied to_ 


In practice, however, sufficiently | 


Assuming Y to be a function of ¢ and , we hav 


approximately - 
v 12 et Bale 4 
= 0.441—4.7¢+8¢ o10.3” t 


where the last two terms are small. Therefore. 


we obtain for the first approximation 


1 


2 £ 
© = 0.441 0-92) Us? de; 


3 
the fora Bae point corresponding to « | 
= 0. Substituting the first approximation into the 


neglected terms 807+0.13 o(o--0.3), we have Sc 
the second approximation . 
a u-sf (0.441+80°+9 7 0.18 9g) UMide. 1 


f 


Once the value. of 6?/y is jantev mines in terms of 


x, We can estimate the skin friction and the veloc- 
ity distribution by using the results of exact 
solutions. The criterion for separation may be 
found from the result mentioned above : ¢ = —0. 068, é 
—0.084, —0.092, —0.103 and —0.119 for o= +9 
0.057, 0, —0.053, —0.169 and —0.429 respectively. : 

. This method of estimation, when applied to. 


the measured velocity distribution around the air- 3 


foil mentioned above, gives separation somewhat ' 
later than that previously calculated. A detailed by 
numerical discussion cannot be made, because the 
measurement was searecely accurate enough foe 
the value of d?U/dz* to be determined with the | 
accuracy desired, and, moreover, the’ value of oy 
near the separation exceeded the:range covered. by ; 
the solution of the present paper. Nevertheless 
there seems to be little doubt that the newly esti- 
mated point of separation comes much’ closer to 

the Rept & point of transition to varbulent flow. 
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2 Abstract. 


a A Mietaled ‘theoretical brentarent is given in onaai to study. the atioriiees of | the 

small angle reflection of cathode rays from a cleavage face of rocksalt. It is. ‘shown 

that the “correction formula of the positions of the ‘reflection spectra by previous. 

authors: cannot be applied to the lowest order reflection. There are, moreover, serious 

: ‘discrepancies between the theoretically obtained feature. of the: lowest order Be ee . 
Fei that obtained ble hee : ime Se 


rae 4 { 
Bois ae i 


EY 


quantam mechanical treatments of 


c. ‘both ‘experimentally and + thedretieclly, by 


; ing apparent change in the inner’ pote 


many authors. ‘It is now. well known, that the with the order of the reflection quantitativ 


pees of the reflection Specs deviate from the eae Eapeoilly, for the lowest. order re 


: ees | 3 


24 sin 0 = = om Hs \ ‘@ ing hoes expects the increase of the ae 
eee, atone Pe -Mmean inner potential in the opposite sense to. 


This fact i is usually Selamel By taking account 


img bare of the experimental, facts (2nd anomaly), 
f the effect of the refraction. The Bites * toxtautla ie 


In this paper, ‘we will try to find out 
the conventional qaantum ‘mechanical — 
neglecting the absorption, ean explain the 

= fact. _ The gay caleulation is carried oes 


f i 


sere of the 1 ean inner- rpotential, Be. differing 


ee Dt Theoretical Considetations.. 
1 \ 


-namically the diffraction of electrons in: a atte 


corresponding repels to those ae Darwin® 


This 


reflection, transmission” and SCRE 


Both. of them Sie their ip 
i valies when n is ey method is adopted, in the case of electrons by 


Harding.( In the latter Vereataventy the Sobrods 


inger equation in the field of the crystal is solved. . 
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This method was used by Bethe( and others. 
__. -Sinee the method of Bethe is more general in 
i character and is suited to extend to the higher 
approximations, we will follow his general pro- 
- cedure with the modification that we take the re- 
Bk: presentation of the wave vector used by Kikutchi. ("”) 
Such a tretment has already been carried out by 
Moliére,("?) but his greatly simplified potefitial could 


‘parent mean inner potential to be explained with- 
oat, introducing the absorption. 
(a) Wave functions in the crystal. 

‘ Following Bethe, we will first consider the 
‘equilibrium of the electron waves in the periodic 
potential field of acrystal. We will then assume 
that the crystal is bounded by ‘two parallel net 
_ planes and introduce the boundary conditions con- 
necting the waves in the crystal with those in the 
vacuum, We will start ‘with the Schrédinger 
: equation : 
boas pe 


Ag+ (E+V)¢=0, (4) 


_ where V represents the potential field in the cry- 
> stal and is expanded as: 
Se me 


Veh 5 emg 7, (5) 


> 
'-g is a radius. vector in the reciprocal lattice. 
; > 
the case of NaCl, g is represented by (9'/a , g*/a, 
_ g3/a,) where a is the length of: the edge of the-anit 


“In 


cell, and g,, 92,9; are all even or odd integers. 
The wave function in the crystal is represented 
as the superposition of plane waves : 
ub > ‘ ‘ 
me = Didyetiky , (6) 
+ 


ky = =In+g- (7) 
| Sabstituting (6) in (4) and assuming that only ¢, 
and ¢, are large, we get 


" (ie —ke— Vin) Yo —Viedy ———) 0) - 
bic" vit : : : 8 e 
hy : . d Va hyo— (x*—h)? — V2.) dy, = 0 j ( ) 
“;. where 
2 za : 
ey aS ee,’ Vy, = —v- apt vis é 
ky —k: r 


SV V9~hUh~g 
—_ 1 z 
ei, 


a gs = UgUh—G 
Vn = Ont 2 ae 2 V3;= 
9 


(9) 


21’ represents the summation in which the terms 
with the suffixes _o and h are. omitted, K the 
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not allow even the decreasing tendency of the ap- 


_ waves to the’ fave equations Ld “This ee es 


magnitude of the momentum vector of the incide 
wave in the vacuam, and «* = KE’ +0 : 


For a crystal having a center ‘of symmetry, : 


Vi. = Va, and we can further prove that when 
h has the indices (00h) as in the case of reflection 
from a cleavage surface, Vy; = V22- 
cedure of taking two amplitudes large, corresponds 


to the experimental condition that we have one , 


This pro-— 


mf 
3 


incident and one reflected beams in the vacuum. — 


(8) can be solved if — 


2° 9 
| n°—k,?* Vis 
| Vin, 


Ve 


'=0 
we—ky,,? 


(20) 
—V; 1 


This can be transformed by the use of the i 


quantities D and @ shown in Fig. 1, which is con-" 
structed in conformity with the boundary condition | 
that the tangential components of the wave vector 


boundary: it is as follows: 
N?+0,—(D+62—Vin hep 
Vy > OND sph y - 
or - = 
= N24y—Vy 4+ Dt VAN Vid eV | 
7 (aa) 
Vacuum 


iN 


Sr er ee = 0 wee 


hn 


N: normal component of 
the wave vector Kuk. 


Fig. 1. Diagram of wave veCtorsone . 


Since 6<D, we take only the {— se sige in (aa) 
and get* js 


* The two of the-four roots are the necessary 
and sufficient ones to satisfy the boundary co 
tions considered later. The other two roots v 
are abandoned, appears in the process of reduc 
the infinitely many equations for the amplitudes 


_in the crystal and in the vacuum are equal at the- 


—" 


comes as oot to unity. “Selective reflection . 


occurs Jn 1 this: ease: and the electrons incident on 


ad es Ee ee “outy Seas 
D4 yr estes oles N?nax oa Dit Vat | Vaal K es 


Bic age . os sate pee nin = Dnt Vil Viale 


“Since Dio Vir> [Vaal in “general, 


é In . kt the cee conditions: at the sur- 


~ ° 


ni aac reed re 


Talos _ Noes Nat TAIT 


pected, when only a constant: inner 


AL 


assumed, is given by 


en * ’ ' 


~ eu oe VD 


ee aris 


‘e. le is thus clear that the deviation of the ref: 


Eaule) 5 "lected beams from the Bragg angle is caused. es 


only by the constant term in the Fourier expansion 
, of the crystal potential, i.e., the ‘mean inner “po- 
y tential ¥, but also all the periodic terms Vy. The 


value of the apparent mean inner potential should 


x 


be corrected by 


7] 


“4 


os This ied batiod does not. hold for ne ie 
lowest order reflection. 
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Table I. Apparent mean inner potential obtained by Yamaguti and the corrected. value. : 
(in volts.) 
—————————— SERIES NAST SET RGA ES eee Ly 
' ae } | 1 2 3 : 
bs . iy ag ” (02) (004) (006) (008) (0010) (0012) 
Yamagati’s resalt | 1.54+0.15 | 6840.09 | 8.00+0.10 | 8.3740.09 | 8.174016 | 8.3640.16- 
: 4En —1.00 +0.98 +.0.50 4.0.28 +0,17 +012 
‘ 4E,, by Uyeda —0.75 +0.79 +0.48 +0.25 , 40.16 +0.11 
: s 
: Corrected value § 0.54 Te 8.50 8.65 8.34 8.48 
a8 itati in into V;, in the denomi- 
a Substituting (25) again in 11 
4E, = E, =k, = aoe Vix , (23) 


“in order to get the irfe mean inner potential. 


§ 3. 


Vi, can be divided into two parts, as Uyeda(!4) 


Comparison with the Experiment. 


‘> has pointed: out ; 


| Ug0—g 


SV 


Dison? re 


pa Vag = Vy! + Vy! = 
~ 
Te 


(24) 


‘excont7,~ 090 v= ky 2° 


’The peso term depends | on the azimuth of the 
- incident: plane but: the first ‘term does not. -The 
, second term can’ take any value ranging from a 
negligible small value to a very large one and _ it 
can happen even that the denominators of one or 
more terms become zero. In the jast case, however, 
ca simultaneous reflection is occuring, and there 


sgt are three or more waves of large amplitudes in 


the crystal.. Our theory loses its validity in. this 


case. 


‘We will limit our later calculation to the case 
oe "where no simultaneoas reflection occurs. In the 
a = expression (24), e—k? is always large for the 
terms for which g,++0, and v_,v,/(x?—k,) becomes 

/negligibly small. Then, since (r)y = (Key)y , we have, 
‘4 taking (20) into account, 


i ae we —k,? = N?+v,—[(ky)22 +(ko)e"] 


(F4)'+¥-[oree (na fa-2)'], 
: sf pce dis small,* | 


e— Ke? = Vy+d? lou =—9)—gi" 2. 


Therefore, we get 


Vu = Sy 


_— 


J UgV=y. 


Vita? [g3(h—-g,)—ge1 (25) 
# 


nator of (25), we have, since Vu is small,** 


Vis = Sy a, UgV + 

2 Tiss pj oo Mota” oe 3 

; Blah 9-9 Big h—g) 98 | 
i (25) 


; 
§ 


On the other hand, v, can be expressed i in cone 
of the crystal structure factor of the nuclear charge _ 
Z, and of the electrons F,, by 


} se ne 


Vy = (4) 0) 26) 


Wing Or. ota ee Mee ge 


In our _calculation, we have used the atomic 
stracture factor obtained by Brill and his cowork- 
rs,() and in order to take into account cf th 
heat motion of the atoms, Debye’s temperature 
factor modified by Waller and James('*) has keen 
ased both on the atomic. and on the posers struc- 
ture factors.*** } 
The result of the calculation on the azimuth 
in which the first term of Vj,/’ in (24) has a finite 
value and the. second term i8 negligible, is give v§ 
in Table’ I and Fig, 3, where it is compared with 
Yamaguti’s experimental result('?) and the value! 
calculated by Yamaguti using Uyeda’s formula.(8) 
As is seen in Fig. 3, the magnitude of the cor- 
rection introduced by the-perigdic terms of ‘the 
potential is insufficient at the low order reflections 
(Ist anomaly), and even the sign of the correction 
is, at the lowest order, reflection, enpesit to ; 
requirement (2nd anomaly). 


* This approximation - is not so good for ne 
lowest order reflection. _ : 


in -the denominator. 


*** This procedure corresponds to having a | 
average of ‘the charge pipes a ag 


ae a 964 5 OP Bie 0.2. 04. ZF eK) : to os ag) / 


s ROP oe eos ihe Pitesti ey rR 


Ps 


seas ‘Fig. 4. ake carve for Lag 
Ge sD, ve ee "lowest order reflection. 
: The curve expected 1 from. the theory. i 


( Rh “The apparent mean inner potential. 
x): The corrected. value. : 


oa : Order cr reflection. A ete 


7 which will influence the “experiments in the r 


pies x 6 ED s es: 
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Abstract. 


The causes of the anomalies in the low order reflection of the cathode rays from. 
the surface of a single crystal have been considered. It is shown that the anomalies 
cannot be attributed to the effect of the azimuth nor the poorness of the approxi- 
mation of the calculation, but can be explained, for the greater part, by a simple 


geometrical consideration. 
Ses Tntroduction. 


In Part 1, -it is shown that, theoretically, the 


region of the selective reflection is given by the 
~ normal components of the wave vectors : 
r 2 


* Nmax = VD + Vit] Vel > 


* eee (1) 
Nmin = Vv DP- 9+ Vir—| Vial > 


and the value of the true mean inner potential E, 
can be obtained by applying the correction 4E,, 


to the apparent mean inner Sige: fn for the 


higher reflections : 


, EH, = E,+4Ey, , (2) 
where | 

‘ 8x°me 

4E,, = h? Vu- (3) 


. We have seen that these results are not in 
accord with the experiment .and there exist the 
so-called 1st and 2nd anomalies. In an effort to 


find out the causes of these anomalies, we will / 


first consider the appropriateness of the assump- 


tions which have been adopted for V,, and V,, in 


calculating (1) and (3). We will then study other 


/ 


. divided into the two parts, the part which does not 4 


PMLA Hoy SAH em BOL dwn 


physical conditions. 


§2. The Effect of the Azimuth. 
As described in Part 1, both V;, and Vj. are” 


depend on the azimuth and the part which depends 
on it: 7 


Vis pyr See. 


94 =99=0 w—k’, ig ashe ci K 2 Kee 
= Vi'+Vyi" (4) - 


Viz = —vnt+ SY! —eoen dy i" 


947 92"9 x 2h, except y yess x oe ae 


UgUn—-g 


= ue Vial + Vy," (5) 4 


In part 1, we carried out the calculation for 
the cases when the parts depending on the azimuth — 
Vix’ and V,,!’ are negligibly small. The magni- — 
tudes of these second terms, . however, change. q 7 
greatly as the azimuth of the incident plane is” . 
varied with respect to the erystal axis. For ex- 
ample, in the (10 0) nano thy vie, when the inei- | 


+ Sete ccather: large. For the latter case, 
calculate. 4E, and Woes; Nin from Q) 
; for the ©@ 0 6) reflection, 


=(05 50— as 79) = 29, <G volts) 


pg aN Pa 


; Mews = 026 = (0. Bu, on is 
: aesiay | Maun = =5.85 = — -@. pes 


1, ‘Reciprocal lattice ae Ewald’s 
Bac, Nat, _ sphere. er 


2 


d ao seems to be Haoaind: fot only | 


reflection, but in the other higher 

This fact seems not to have 

ced. oy any previous authors, although, 
; uch a be apectal azimuth 


“then we have 1 


Ls - the “value obtained for 4B, ae 


- different, ‘even: in. this special Srimatithe steone the. 


ee one shown in Part I, and there still remains the i 


- discrepancy between the theory and the experi- 
ment. ci 
ae is, “therefore, ceaeiided that the effect. ‘of 
‘the. azimuth) can not explain the Ist and 2nd ane- 
- malies, although it has the considerable effect on 
- the meer order reflections. 


sae 


5 _ Test of the Higher Approxis Bink n ‘ 


pile ey be A 1 ( Riicas vee 
«? —kg’ oS d’g:(h—gs) ee oe 


6(2g;—h) _ 
dg(h— 93) “Fait a 
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Usaally the last three and the higher terms 
are neglected and only the first férm is used. in 
calculating the dispersion equation. If the higher 
‘terms are not’ neglected we have, instead of (11) 


in Part I, as the dispersion equation : * 
~ $4-4.01239 6? (2c? +.5.191)d2—(0.238 ¢? + 0.012)0 


+ ¢440.494 ¢?—0.520 = 0 (11) 


In (11) proper numerical values are already in- 

a serted for the atom factors and other quanire: 
Me Sinée the terms of 6° and 6 in this equation 
are. small, they can be negleted to get an ap- 

- proximate solution. The region of negative 0? in 
* the resulting quadratic equation for 6? will then 
give the region of the selective reflection ap- 
poximately. The actual solution of the biquadratic 


. equation (11) will probably be such that they are 


ie ‘given by ‘complex quantitics of which imaginary’ 


» part are not much different from the ones obtained 


2 region of elective reflection thus obtained is giye 
by 
ae aie Nex = 0-38 = (0.62)?,.. ) 


Ninn = 2.84 = —(1.69)? J, (12) 


2 Al 
\ 


2 of the theoretical diffraction pattern does not show 
much change, and the experimental fact cannot, 
“~~ still, be explained. 


‘calculated one does not lie in the poorness of the 
approximation, but in some other causes, which 
we have not yet considered: 


= § 4. The 


Effective Cross -Section of 


face of the Crystal. 


~. Since thd incident beam of electrons has a 
_ finite cross seclion and the crystal, too, is of the 
_ finite size, the total number of electrons striking 
the erystal surface varies with the galncing angle. 
In Fig. 3, let ~ be the width of the electron beam 
Res 1 the plane of incidence and, J, the width of the 
crystal, in the same plane. 


! ‘All incoming electrons 
} " as strike the crystal if, the glancing angle is 
“ “larger than a determined by: 


sin « = z (13) 


, can strike the surface and this fraction ofthe 


by - solving: the quadratic equation in 67. The - 


With this higher approximation, the feature 


It seems possible that the- 
¥ discrepacy of the experimental result with the ° 


_ the Incident Beam Striking the Sur- 


Fig. 3. Geometrical condition of the electron 
beams and the crystal. 


At a small angle, only a part of the electrons 


effective beam decreases almost linearly with the 


glancing angle. If we suppose I and p to be — 


pieneateantanntebanaannsppaininanasaith ning 


about: 3mm and 0.1mm, respectively, we aval 
« = 0.03, which corresponds to N= 4.714-! when 
A= 0.04 A-! (about 40 kv.). Roe 

Fig. 4 shows the feature-of the reflection — 


\ 


HO Nf i ie" haem Neh tied rons 


spectra. Curve a represents the fraction of the 


beam actually striking the surface as a function — 
of N, the dotted curve b, the reflectivity expected 
from the dynamical theory, and the full curve ¢,. 
the intensity of reflected beam obtained by modify- ~ 
ing the curve b with the use of the curve a. 


binning 


~ 
S 


ee 


’ 

1 

' 
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Fig. 4. Intensity curves: 


a) -:-:-: The intensity curve of the effective 
fincident beam. - 

b) ----- : The curve expected by the ede 
cal theory. rages” 

c) -———; The curve obtained by rod fying 


curve b wen curve a. 


The carve ¢ shows a maximum. of the yeast 
~beam at a small glancing angle, in conformity. 
: 


; Bigs : 4 5 
Ps “rons have already been diaoused by some authors 
as responsible for ‘the anomalies. _ Yamaguti’s() 


~ ‘consideration’ on the effect of the distortion of 


spacings near the surface shows that, in drder 
: explain the anomalies, the spacings must be taken 
‘as’ very much expanded, which is utterly. inadmi: . 


sible from the theory of - the ionic binding. The A 
EROLY epee aabede the contraction of 


“Tia = 6. 48, 


: Sy AB yy = ey 4 os (in ¥ ts.) ht sorbed layersi, He shows ‘that sich bie 


ma ' : affect: the width and the shape of the reflected : S | 
The corresponding experimental paler Ya! Sr cto. some & extent, but we do not: believe that. the 


are: ithe EA LS Es Rie et ean explain the anomalous positions: of th 
A ge GOSy Pt Se ; eS order reflections i da ee : 


7 ABs ay 1.64 i eee 


* sth otis reflection. 
We think: that the anomalies j in ‘the ae ‘order: = 
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ee tt is 5 usitally hens that the elementary pro- Sais of magnetization, yet it is still assume ; 
, of ‘magnetization is ‘reduced to the displace- that the essential factor is not the action of this 


iy of ‘boundary rene aese si wat eddy current.* at, bs oe 


“s We Sonar this eonchision fore the experi- ee 
mental results about temperature dependence of 
propagation velocity of a magnetic boundary in a 
metallic ferromagnetic substance. ; The results will a 
pe pontine’ in J. Phys. Soc. Jap. 
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Recently one of the the writers@) treated this 
problem quantum-mechanically on the basis of a 
simple model of the domain boundary and found 
that if no eddy current is induced the velocity will 
be independent of temperature. In connection with 

his theoretical result, it is desired to confirm the 
theory by a measurement of the displacement velo- 

city of the domain boundary. In order to eliminate 
the influence of eddy current which occurs in 
metallic ferromagnetica accompanied with the re- 
versal of magnetic domain, one may observe the 
said velocity on the ferromagnetic semi-conductor, 
instead of ordinary metallic ferromagnetica, and 

_ for this reason, the present authors observed the 

; Barkhausen effect of semi-conductor, Fe,O,, at 
_. temperatures, 10°C and —140°C, and elucidated a 
e conclusion on the dependence of the displacement 
“ve The results obtained 
agree with the theoretical result stated above. In 


velocity on the temperature. 


_ the following lines, we will describe the methods 
and the results 6f our measurement. 
; ; The form of the specimen is a rectangular rod 
§ of the dimensions 14x2x2 mm.’, the axis of which 
ie - lies along the [100]-direction of a natural magne- 
Es ‘tite single crystal. As this sample has an allotro- 
pie transformation temperature near —150°C*, the 


the transformation temperature, namely 10°C and 


Beer -140°C, The magnetic hysteresis curves at both 


/ 


Fig. 1. Magnetic hysteresis curves. of 
-Magnetite crystal in [100}direction. 


_ pared with the specimen (S), so that the magnetic 


- experiments are carried out at two points above 


temperatures are shown in Fig. 1. The measuring 
circuits of the Barkhausen effect are schematically 
shown in Fig. 2. In the figure, C is a magnetizing: 


Ampi fier 


Fig. 2. Measuring cireuit. 


solenoid, B is another solenoid placed coaxially with 
C and gives a smoothly varying magnetic field. A 
is a search coil, the length and diameter of which 
are 30mm. and 3.5mm. respectively and with a _ 
total number of 10000 turns. E is a. Braun-tube 
oscillograph. The-search coil is large enough com- 


reversal occured at any point of the specimen in- 
duces electro-motive forces under the same condi- © 

A, B and §S are instal_ed in a 
Dewer’s vessel and cooled in the evaporating gas _ 
of liquid air. 


tion in the coil. 


When the temperature of the spe- — 
cimen reaches —140°C; the observation of the ~ 
Barkhausen effect is carried out. ae 
. This specimen is once magnetized near satura- 
tion by means of applying the magnetic field of. q 
300 Oersted by the solenoid C, then, brought to 
the desired stage of magnetization: when another _ 
smoothly varying field is superposed by B, a num- 
ber of Barkhausen impulses appear on the fluores- — 
cence screen of the Braun-tube oscillograph. The 
range of field change is 1.5 Oersted and its rate 
of change is 0.02 Oersted per sec. When sweep: a 
ing Speed of the spot of Braun-tube is suitable, 
one can observe that the form of Barkhausen im- 
pulses are simple structureless peaks and they 
appear one by one and do not overlap each other, sO 
that one is able to measure the time of duration of q 
each impulse by means of its oscillograms. Times. 
of duration for a large number of impulses. at con- 
stant temperature and around a certain magnetiza- 
tion of the specimen are measured, and ‘thus | one 
can determine the occurrence frequency of 2 


ra eat ek io Tie) 


ae of Duration ae 


‘Three distribution curves of duration 


* “Total Ee of Smpalscess are for a 
x Soe for b 227 and for $ 215. 


by the intensity. cor ‘magnetization. Next, the Ob- 
ervations of. the. time ‘of duration at-140° C= 
80 “gauss, ‘pointed in Fig. 1) is made, and the résalt 
is B oop licated in’ Fig. 4 together with that at 10°C 
2d ‘Yaluck of the time vee duration of 


oa & maximum ee ¢c . ineide with at 10°C id 
— 140°C and are ‘independent | of its intensity of 


magnetization. 


- 


Now we shall discuss on the theoretical 1 re- 
1 Its -above stated, that the» displacement velocity 
the boandary is. ‘independent of temperature. 


1 find that ‘the present experiment supports 
this. theoretical ‘results. | Because it is usually 


ee that the distribution of domain one 


Kowanbauy ea 


a 
=> 
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m 
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Fig. 4. The distribution curves of d ira’ ion 


time at 10°C (point b in Eig. a and 
--140°C econ d in aes he 


of the oe of magnetic “boundar y 
affected by temperature. =~ Sows : 


Moreover, a SPcuesicn on the observ a 


sent authors also found theoretically thas th 


displacement velocity of. the boundary . oF 


~ isothermal (ee eta ‘is gece ce 


the Aeened invariance of the velocity. one 
the” discontinuous displacement of the domain boun- f 
- dary occurs when the field acting at the domain. 
boundary in question takes an appropriate value ri 
‘against the brake action due to the so-called criti- 
cal field H,( and the influence of free pole in the 
ferromagnetic substance and the surface “energy 


of domains. The magnetic field around the domain. fe" 
boundary is the. superposition of the external field | 


166 Seitaro NAKAMURA, Soei SIMA and Minoru KOBAYASI. : : 


and the action_of free magnetic pole at domain 

boundary. As the free pole distribution is not 

: known, one can not know the magnetic field due 

to the free pole, so that one can not find the exact 

value of the magnetic field at the displacing domain 

_ boundary. Consequently, it is very difficult to 

verify whether or not the said contradiction be- 
'. tween theory and experiment really exists. 

In conclusion the writers wish to express their 

hearty thanks to Dr. T. Hirone under whose direc- 


‘tion the work was done. 


/ ‘ 
Probabilities of Beta Decay and Orbital Electron Capture wi 
<8 . for the Forbidden Transitions.” 


oye _ By Seitaro NAKAMURA, Soei SIMA’and Minoru KoBAYASI. 
se Now at Shanghai, 
\ China 


Physics Institute, 
University of Tokyo 


peek = Total probabilities for the beta decay and the orbital electron capture are cal- 
Re culated according to the Fermi theory in the case of the first and the second forbidden 
_ transitions. In this case, the ratio sf the probabilities for the positron emission to those 
_ for the K-electron capture are also estimated as a function of the nuclear charge and 


the naclear radius. 


a sg 1. Introduction. 


/ 


ae The theory of the bata hecayea first proposed by 


Met 44 


____Fermiwas successful in-explaining the general fea- 
gh ‘tures. of the experiments, but in finer detail 
~* the theory remains much to be refined. As the 


oy au experimental materials available to test the theory . 


we have: 1) the shapes of the continuous spectra 
S 


; i of the beta rays, 2) the selection rules for the 
- beta decay and 3) in the case of positron emitters, 


vA 


e the relative _values of the probabilities of the 


positron emission to those of the orbital electron 
_-eapture. To accomplish the theoretical analysis 
ai x Jess ambiguously, Konopinski and Uhlenbeck") deve- 
ae loped the theory for the forbidden transitions. 


i _And thus the ¢lectron spectra of some radioactive — 


Ne elements, such as Rak, P%, and Na*4 which de- 
“viate appreciably. from the Fermi theory and rather 


> (Received February 26, 1949). 


Abstract. 


(ol. 4 = | 


A part of the present study was carried out by 
fund defrayed from the Ministry of Education — ‘ 
(Item number 1306). . 
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fit in with the so-called K-U type, could excellently 
be reproduced by the corresponding forbidden for-— 
mula. This result seems to promise possibilities 
for trusting the Fermi theory without any modifica- 
Konopinski and Uhlenbeck’s calculations, 
however, ended in deciding the energy distribution ¥ 


curve. 


tions. 


‘In this cireumstance, we proceed in the 
following to evaluate the formula of total proba-~ 
bilities for the forbidden beta decay And orbital 
electron capture. This may serve as one of thé 
‘theoretical tools for testing the theory in the case 
of 2) and 3). mentionéd above. The main features 


of the results are shown as follows: 


A) For the forbidden transitions the depen | 
So 
* The work had already been done in 1943, 
but the publication was delayed on account of t i : 
war circumstances, so 


_ th : plane hare a a and the 


lf life of oes beta’ eter ae the maximum 


y of the ‘particles has a different: form as 


¥ B) ‘The ratio of the eprabapilitisn, of the gare 


mission 1 to Benes of the eseisetion hes is eat 


2 L-electron eagiiees ea ‘contribution of the 
” being found to Pe 20%6 to the former when 


©) By. using the dhapinicat! values of the life | 


; in some a’ shaple: cases. " The “aies: thus ‘estimated 


for the matrix ‘elements are - subject fo et 


a ‘theoretical study. 


§ me “Total Probabilities for fhe Firstand 
Bes the Second Forbidden Transitions. _ 


‘, aoe 


a The Fermi theory of. beta decay which was remar- 
- Kably extended to the case of the forbidden transi-— 
‘ tions by Konopinski and ‘Uhlenbeck“) predicts the 


Ponaw =F CEs, W) Fe Zz, W) 


* 


: es nM 


id 


Se ch i is. ‘contrasted to the allowed ane, 2 
Nae ace : Se 
: puna noe CPL Ww) mW Wy Waw. 


~ 


- Hore P= a OF —y is phe momentam of the ee 


Ek Pah Z id A mean the case of the clectrou 


; and the positron, respectively, p is the’ nu¢lear 


bu Id at first 1 be: ae such as. the ets se- ae 


: =Ey formed’ the elementary but tedious. int rat 
times of the radioactive elements. and the maxi- f 


‘number of electrons Piwyaw emitted into the — 


: vs Bu or ) (W* Boe +(V*Be a 1Q » we 
energy range d Ww at Win the Solo wite expECerIan ney 


wy wan aus eee 


radius, s = V1-o eZ, c (22,5); represent ‘or 


‘rection factors which are certain functions » of p 


W, Z, 0, and the nuclear matrix elements, anda 5 
tally 1 listed in See ee and Unleipores ‘pa ee 


‘ghee ron) 


OE 


beta decay in the forbidden’ > ata 


Al in the snehey p interval (W=1, W 


ce e forbidden ates For the Aveta in er tion: 


of the ‘Fermi type, . ue 


(V8 Q0) (VBE A, ah ce 


ive Qt) Cc on (VE Qe a) (* a coe a 


26 Fist “(nn ars Zio) 
7 STisiefncwn 2 Pc PA t 
: TI * | 
+(e ECW) (Sa) (s*—(Say* on f 
_ fronsye0ns i 
as moe Fence 2 resrerenM, roy 


+ Sa? (%9') 


: 168 : Seitaro NAKAMURA, “Soei Sima and Minora KOpAYAst. eh Sr i ee me 


Fide fron 8 £2 1d We SW} 
“15a OH GaxFH OSD 


s AMZ 16 )} HDB )1(We') |. 
6) 
f= Fiserefrcmnt 4 


: TA 


TW 1 Wo) 


4 |Sr4|? Zo Wo!) iGo) (S7.)*—(o * (ST) 


Tra ci ; saecha ke 27 
ae + [sari {LW + “gor AW} 


+2ulBal 1709 
1.2 oar Dts 4 2 TW 9}. 
Tis aj { 15 0 480° 10. V0 
fy 1 = Tenn 
= Oo tuahara 480 2 “Tyo Wet Fane 2 1 We )} 
HEGRE A iPOR yt Aad 
{rane conn 2 (We ) 
a lect {rey + 22 214 We), 


= Ffessar |B aM! ; 
Be HBS 
6 [nsw a Ws 22 Twa} 


res Ela WW ADT y Acts DTG Ag} 
Tt W,' nes Z 1. Ww,’ )} 
| Flexr i {LM + Se LOWS f 
as a oa | 
oo. = ~ aetaatie {SiTul" 

= ae 


alr we je 


T,(We') —— 


/ | + (Cee Mey p, . 


: Ty (W,°) 2 


ZT Wok y}]. : 6). —_ = 


those in » 


following expressions : 


In(Wo') = ( ae #). a + Woks 
LW = (geo aee es) ete ee 
1,(Wel) = beers eee ae ra 
pe +e : 
LW = (s9:9~ iene ioe ape 
(Be 
srg (ony i et 


\2°5:%-27  4:5°7-27 4-5-7-27 7.27 


Peeecss L, 


( Wo 17W,' 41 W,? =.) R 
2 5-27 4-5-27 25-27 §-27 


4:9 2-9 


ws 19, owe 4 
8) {| 
T,(W.") Gare 5-7-8:9 '3.5-7-16 | 3:57 


= (S38) Tey 


ie 


Ww, - 11W,! sore a 


6) fe Oe re See 
UAVE Ree aye par 79) F 


+ (Bae) 2, 


‘Wis. 59W,* 407 W,2 
2-5-7-0° 6-7-9-16 57-982 
\ 

1 Ww, 
Tere) Pee 873.32 ee 
| W,' 179.4 18807, 26 

8) st ee eee : 
1e(Wi) = (35 8457 8578 36-7) 


+(emest et). | 
We 33, 901? pee, 
57 4-5-7 8 5-7-8 Sr ns 


another ons bontating the lower power of Wes 
_ which ‘may be comparable with the former on 
account of the factors aZ/o, or w&Z* /0°. 


My fe 


Sees ane W,3 ‘ aches xe) On evaluating the nuclear matrix elements 
ios = =e Vo \ i‘ 
7-82 +64 )R in the forbidden transitions, some questions are to 


af be mentioned. Since (5), (6) involve more than one 


15 a5 15 pres go 
cae eset pie 4) 5 OP Das eer ge nuclear matrix element, one mone be: necessary 
ee Nee | 

elt pee WW, aw is we 
+B: tie 5 7-8. oT Bt 7 2 25-27 


3) R + Ww, ie pou they eaad to one nuclear matrix “doen 


“7 25: a a 42 FESR = coald evaluate the dependence of the life 
ees _are 


E tsar Ww. and Z ‘unambiguously. For “instance, 


: are Ses teractions, TOs ts 
te) a a a aie 1) 4j = +2, in the first, forbiiden Se 
Le ede a aie all others = 0, or 


(Ss iy 103 Ws “139%! 
2-7-81 405-7-81 A°T-25-27 | 


= PR pate oe eee te ‘Syeb0, all ce 0, we oouta Seige 
te “awe. we bps tS the-total “ee 
Aaa AER Sie: probabilities. 
rasan) Br ae ee 


ute We a AT UW, LDG Wks tees och energy in the initial aitaest vcléi we cai 
sabe ESL. cae “81 7-8-27 5-7-81 the convenient relations such as, 


ae ? > . 
ja = iW, Sr 
ay nae nw sara Saks tet Re Ay = AW Rg ae 
TSB V ye ee ii oe fee 
7: 7-25-81. 8h: _ which was: cited. in Konopinsld 
pa er. In this case, also, we ‘ebuld ‘ma 
Wes we aes paper. 
NB. 5 “8: 2) é ( ae terms. into sanity: 


It may,  inwveuers be Soden ‘that. th 
which we have chosen are hardly suitable t 
an forbidden cases, since here the life: time,.¢ 


i. ae ar charge appears ‘through the ‘terms in- a be 
__ volvi ee ors aZ[0, #20, -which show the. 
tron: pi on. a in contrast to the allowed. 
a noe a 


o . 
S| 
1 
@ 
5 
‘s, 
as 
5 
= 
ey 
Pa 
o, 
@O 
3 
© 
=] 
ct 
nm 
ee 
f=) 
ye 
oO. 
Eu) 
te) 
oo 
an 
o- 
as 
a 


expect further study by reviewing pees a 
instance, one can calculate the semi-empirical v: 


- lues for the matrix elements of beta decay in ‘the, 
first forbidden transitions by the help of the ap 
proximate relation (8a) the result of which ig: 


shown in’ the following table. 
_ Here Te = 3x10 see is assumed. ‘The value of 


Sf i Z y rf Z *~ 


170 - Seitaro NakAMURA, Soei Sra and Minoru Kopayast. ss §sis«VO 


} 


Table I. 


Nv. | F2 ual AL |. Ps | Cl | Se | V8 | Mn® 


Elements te B” 


6 | 0.61 0.04} 0.2 


7.8°| 5.17 | 7.22 | 6.05 


\Sr2O-%cm?) | 5 | 200 90 | 10 “10 ao 0 OA 


\M\" 
Byte} 


-—Logs 5.41 | 3.86'| 5.08 ayer 5.85 6. 6.18 5.01 | 7.87 
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. ; Table. IIL. | 5 | |) re 
i a Se ere eet a al 
,Be’ | Pea - a oan | J 
| Pis* | Pis! |: Pis®'| Pris” | P.s* | Pris” | PisK | Piss! | Pys¥-| Pis® | Pas® | Pos” 
i W, =1.0 | 0.0008 | 0.0003 0.00096 0.00069 1.221 0.144 | 1.460 0.185 | 7.124 0.487 | 8.636 0.748 
| 1.5 | 0.0018 | 0.0006 0.00261}0.00193) 2.030 | 0.282 3.709 0.469 11.740 0.783 21.836, 1.940. 
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- In any eases, the screening effect of the K- 
electron may certainly be taken into’account, for 
instance, if Z= 4 the effective nuclear charge is— 
estimated as about 2, which reduces the probabi- 
lities/of the L-electron capture considerably. The 
ratio of the probabilities between the K-and L- 

electron captures is found to be almost indepen- 
bo) dent of 
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The transition in KH,PO, ‘has been treated — 
a successfully by Slater), 


rs 
vs. > 


His theory is based apon 
__ the following three assumptions. First :—each 
Bi phosphate has always two hydrogens close to it; 
rg * and second :—there is always one on:the connect- 
ing line between each pair of phosphate groups ; 
~ and third :—the dipole moment pointing along the+c 
_ ‘direction of the crystal is more stable than that 
: at right angles to this direction. It is found that 
_. the theory predicts a sudden transition from the 


-. _ polarized state at low temperature to the unpo- 


Fee -* This paper, which was originally written 
im Japanese to be published in Nzhon Bntsuri- 
_ gakkai-shi, has now been translated into English 
‘aeeording to the request of the editorial com- 
. Inittee. 
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larized state at high temperature, that is, this } 
phase change is of the first order. Takahashi?) © 
has proved that this singular aspect of the transi-— 
tion is not caused from an approximation in sta- 
tistical treatment but it is an exact result of this’ 
model. In’ an actual crystal there are phosphate —_ 
groups each of which has any number of ‘neiga- | 


or H;PO,, and there are possibilities that there | 
may be two hydrogens or none on a bond. Slater. 
has predicted that the discrepancy between theory 
and experiments would be caused either by the 
fact that first and second assumptions are inade- 
quate or by the fact that there i is internal stress: 
in an actual crystal. He has felt: that the latter 
is likely to be the case. Takagi() has tried th 


modification of Slater’s Pit ‘assumption, hae 


polarization so- a ae 
A) Di +2e 2 D;. 


When we arrange these bonds at random, 
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number of configuration is 
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7 f resi co ; istence of b,/s and by!’s the number of 
Outline of the Theory of Transi os arrangements increases to 6x16 = 96. 
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ere are 2 N phosphate of 2N hydro- 


i then we 3 : pS BS Se as Pe ba on along the c-axis, the internal energy is es 
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be 
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bb Bhs = 2 au « O25 


- how the Beneeed lene of the frnnaitton’ 


RO See 1 : - for various values of ¢ , and compare these 0) 
at Aas! be 4, = 2D:4D, Wt (2.8) © 1p a 
ess Wy -putations with former theories and experiments. 

baby SEP AD: ; Re) drink Ee, 
§ 3. Detailed Results of Calculations. ies 


‘ . For convenience, we shall pat ee ois 


2b, 


be abet pea = Ny, Dd, = Ny, , 6) = NY. (3.1) 


From the conditions for stable states 
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Vo" 
Gary t 1d a. (3.4) 
if . 


: 63) and (3.4) respectively show the existence of 
quasi-chemical equilibrium of the following reac- 


oy ee D, +D_+2¢, 2D, (3.5) 
: bs -+b—-+ 26; & 2b, « (3.6) 
_ Now, put + log ao = R, that is, tanhR=¥»,, 
3 then (8.2) Becbines 
ia ae mats we, 
i rernliar) me er 43.7) 


ae at ey iy 1—T—», 
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er |: 28+ 
267 *T(1+2e— E sinh? Rye sith R cosh 


ha a a 


a, f. : j 
7 obtainéd, vy, andr are solved respectively as 
, _ follows : SHE ic 


(3.8) 


(3.10) 
From ets. equations (3.8), (3.9) and (3.10), various 


oy as “quantities, such as Spontaneous polarization, specific 
heat and susceptibility can be obtained. 


a -tion of c-axis i i 
Pike = Nu tanh RF. : (3.11) 
— Put Ey = = 0 5 in (3. 8, ae 
‘ aa forty 
hey 2 sinh R = a sinh R+2e *? sinh? R 
2 } eo-ty ey 
“Qe *P agp EP sink? RY. sinh R- cosh R 
(8.12) 
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from this Tae: 
ar R=0 
or ; 
| 
Eo | a 

“kT 2 —Ae kT eo 
sin? R= oe (8.13) 7 
a Sar, ; 


(e *7 +2¢ “EP de “EE 


‘-are obtained. Fig. 2shows P,/Nz vs. kT/e, curves cal- 
culated from (3.13) for various values of e;/ey. Thus, 
if e; is chosen as finite value, the transition be- — 
comes of the second order type, and at the same 
time the critical temperature, let it be denoted by 
T-;, is lowered as the value of’e,,/e, decreases. T. 4 4 
is given as limiting case in which R~>0 in (3.12), — 


1—2e “ER = 20 


(8.14) 
. This formula of krantition temperature is. just 

_ the same as that obtained by Takagi from his © 
alternative set of assumptions. The general aspect : 
of the curves calculated: from both sets of ales 
tions are nearly equal, too. 
We shall inquire how y, and r increase’ with - 
temperature. In the region of T STi, v, and 7 
are given from (3.9) and (3. 10) but i in the Pepe 


OF Tr, R =0, so 

‘ fo . E 
30) ye OL") Rie y: 
My = * z (3.15). 
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Ite, Ms 15 i ‘a 
These values are shown in Fig. 3. (8-15), agi 7 
with the Slater’ s result. This shows that D 


independent of b, in the region Ts Tee When 
T-> ce, it is obtained that riers 0.667. 
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2 _substiited nto % and tr The rm 
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“This. tells us that the cooperati 
_ hydrogen | bonds of pie are “ees 


“HPO, : H.PO;, ; does not considerably e 4 70% 
‘hydrogen bonds. ; 


If we , differentiate @. 8) “with ‘Eo and put. 


o> 0, R>0, ‘then we obtained + bis Me 
favs 


1 
, 


: Table I. 
eefeg°\’ 38 
e(cal/mol) 181 
e,(cal/mol). - 907 


Table ‘II. 
B/E, 5 10 9 
ye 8 's0,4875 0.4990 0.5 
vee,(cal/mol) 88.24 84,83 84.5 
aie 0.0288 0.001 0 
eg 2ré(cal/mol) * 43.2 3.4 0 


ye 


It is generally accepted that the energy required 
for breaking one hydrogen bond lies between 1 
a and 9 keal/mol from experiments on various sub- 
% stances. The fact that our ¢; is found to be 
0,9 ~ 1.¢ keal/mol, though being somewhat small, 
+ may be said reasonable. 
" Moreover, in an actual crystal, as pointed out 


ae by Slater, it is also reasonable to say that the . 


transition curve is rounded off on account of in- 
ternal strain, then the value of ¢;/e, would be 
somewhat larger than 5~ 10 and agreement with 
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cp ; Further Experiments on the Parallel 
. ‘Wire-and-Plate.Type Counter. 
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at In a recent paper one of the authors described 
the idea and design of the parallel wire-and-plate 
me 4 type couhter.() On the preliminary test of this 
ag counter it was found that there were some indu- 
a eed discharge phenomena on the special central 


ay, wire affected by neighbouring one. At the begin- 
hing of the test made on this counter in any 


Py 
ra! 


aa 
oa 


case, it will be inportant- and interesting to deter- 
mine the probability of the coincident discharge, 
and simultaneously to measure the. effective volume 


‘™ 


ee of the central wires. 


_ Fig. 1 shows one representative parallel-coun- 


tain various intervals of central wires. Three 
~ central wires are put between two parallel plates. 
| The central wires in this case are arranged 
2.5¢m. apart from each other, and the parallel 
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re ter picked out of several test counters which con- 


‘tral wire when No. 1 or No. 2 are in counting 


Wert: 
. Vols 4 


Peete to the energy of hydrogen bonds may bee 
still more improved. . 4 
In conclusion the authors wish to exp ess their __ 
sincere gratitudes to Prof. Y. Takagi for the’ sug- 
gestion of this problem and the kind guidance | 


during the course of this» work. 
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Fig. 1. Lateral and cross section of the 
parallel-counter. } 


copper plates, by which the wires are sandwiched, . 
are both 15cm. long and 3.5em wide. Whem » 
certain X-ray beam is striking a voluntarily selec- 
ted point of the counter as shown in Fig. 1 the 
central wire No. 1 is closed to the: passing X-ray 
beam so that the individual counting rate of No. 
1 will be the largest, and No. 2, No. 3 be smaller” 
in due order. 

Let the notation @, et @, be the counting 
rate observed from each individual ‘central wire, 
No. 1, No. 2 and No. 3 and notations @, @, ete, 
with suffix, mean the counting rate of No. 3 cen: 


condition. Then, the percentage of induced disch- 
arge probability, e.g. counting probability of No. 


only through t the gas s without ee the « cathe 
a } 


metal 


in Fiz 4. 
7a twill be clear that the maxin 


At /Omm 


one tap 
0: 


in the parallel-counter. “These heoren 
gape of ee counter “pressure, . -€0 o 


Does 25 6mm ae 
AAG ne ‘These phenomena are very remar 


Se a ee wires 
- their-explanation is ‘not yet incapable, 


iy 
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X-ray Studies on Cetyl Alcohols. 
: By Kenzo SANo* and Yoshinobu KakruGHt. 


Institute of Science and Technology, 
on | University of Tokyo. 


pie (Received November 26, 1948) 


“The solid cetyl alcohol CH,(CH,),,CH,OH is — 


-. known to show anomalous behaviors in thermal 


» ‘and electrical properties, and from these facts it 
‘es was concluded that there is two modifications in 
its crystal structure('). The knowledge about the 
~ “mechanism of the transformation is, however, 
“still left quite obscure. A. Miller) has observed 
_ the X-ray diffraction of normal paraffines C,Hin+2 
2 (n = 21~29), at various temperatares, and found 
that the spacings corresponding to (110) and (200) 
‘ planes become nearer as the temperature rises 
es _ until they coincide perfectly. with each other at a 
le es certain temperature. _He concluded that paraffine 
mega begin to rotate around. their long axis. 


PN 


as above the transformation point, and as the result 


az, nos 


me Ah A 
| the symmetry of the crystal becomes higher in 
oe , 


ou high temperature modification. 
ete ty i es 


The present authors expected the same type 
"of transformation in cetyl alcohol as in the paraf- 


¥ water through the mantle covering the spate 
4 1 . 4, 1 ; 
_ around the sample. 

Both (200) and (110) spacings are almost the 
“s _ same with that of paraffines (8.8 and 4.2 A) at 
_ lower temperatures, showing the similar arrange- |. 


a 


a ‘ment, of molecules in cetyl aleohol. and the paraf- 


wa 
oe fines. Those two spacings coincide in exactly the 

a 3 same manner as in the paraffines at’ the tempera- 

| _ ture near 20°C (Fig. 1). Therefore, we may conc- . 
a 4 ‘ lude that the transformation in cetyl alcohol is 

ae ‘also rotational in its character. 

p: x The X-ray reflection from (001) plane was also 

observed in a’ usual manner, and ¢ Spacing is 

ees found to be constant throughout the whole anes 


perature region studied (5~45°C)(). 


: Resse} 2 
Photo 1. Debye Photographs. 
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oe around their ong axis. 
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a Higasi and M. Kubo : Sci. Pap. 
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New Py pe of. Fine Structure in 
: ‘the Spectrum of Nell. ae 


or By Shigeki Sowa. a ae ! eae 
See . ma 3 “ 7; 5 zi 

Institute of. Bates nd aH Het 

spas to: of at. nen 


wings: relative tn) the central main. c 


a varied from ease to ease. 
It is a remarkable fact that #8 ines of 


‘Nel 

and the lines due to the cathode: ‘material do not 
shown the above mentioned structure, even when 
_ they are as strong as the Nell lines which appear | { 


\ 


t 


Short. Notes. 


x “ ry eh + 


180 _ ; 
‘Table I. -Breadths of the new type of fine structure of Nell lines: 
: Breadth - 
wave length l tion ® ees 
(A.U.) Peps a (em), | 4, (em) 
3s (6P)— c gpeP) Doublet Padi = 
ee s7271 88 Pin @P)—8p *Dap CP) 0.81 0.88. 
os aie 3713.1 38 °Psp (@P)—3p 2Dspe CP) 0,80. 0.29 
AY * 3643.9 88 *Psye@P)—3p 2Dap CP) ny ti 0.31 ; 
3482.0. |. 88 °Pse(@P)—3p *Sip GP) ~0.3- ~0.3% 
3392.8 38 °Pip @P)—8p *Psp @P) 0.31 0.300 
9878.8 > =| © 83 °Pip @P)—3p *Pip (*P) 0.22 0.34 
3828.8 88 "Pap (*P)—8p *Psp CP) 0082-7 0.38 
3s @P)—8p GP) Quartet System 2 
3777.2 8s 4Pip(@P)—3p 4P3)/2@P) ~0.25 ~0.25* 
3766.3 _ 88 *Pae @P)—3p ‘Psp @P) ~0.25 ~0.25* 
3694.1 88 ‘Psp @P)—3p *Psp CP) 0.26 0.28: 
3664.1 * 38 Psp @P)—3p *Psp @P) 0.24 025 
3355.1 38 *P3@P)—8p 4Dsp GP) 0.29 0.28 > 
-3297:7 38 *Psp 6P)—3p *Dsp @P) ~ ~0.25 0.25% 
1, 88 @D)—8p (‘D) | 
3574.6 38 *Ds2 CD)—3p °F (4D) 0.21 0.23 
+ 3568.5 38 °Dsp (:D)—8p *F ip CD) we 0.12 0.20 
: 3319.8 88 2DspCD)=8p *Pip (1D) bb 0.15 0.20" 
3282.4 88 °Dsp (C:D)—8p *Dsp (DD) ainsi * 0.26 ‘" 
_ 8p GP)—3d @P) acer 
\ 3p ‘Dp GP)—8d *Fip @P) 0.20 (027 


a e at” the same time and exhibit the wove mentioned 
pe us structure. refi di 

‘The breadth’ Ai 6 or dy, is far larger than that 
expected from the: Doppler effect due to ordinary 
thermal motion, This effect is expected to be of 
the order of 0.lcm-' and the Nel lines showed 
* > teally this breadth. Therefore, this phenomenon 
- must be ascribed to a particular effect character- 
eee of jonly. Net ions. / This may be either due 
"to an. Sebabdd electric field or interatomic inter- 
Be F ‘actions. 
Ris “This phenomenon i is important bet one con- 
SS ' siders the fact that the hollow, cathode discharge 
coh _ tube has .been generally accepted as a convenient, 
x. light source free from any external perturbation. 
It is hoped to ‘obtain by a more detailed future 


3p *Dip CP)—8d *F op (3P) 


* These lines were net measured; the breadth was estimated by eyes. 


~ (8): The cinsdivena ‘of Nell was ‘piven ¥ 


investigation a: more definite catieliclen. as to its = | 
origin. ; 

The cost of this cidneton: et ‘ice partiy 
defrayed from the Scietific Research Expenditure : 
of the Department of Education. _ Rae | 

The author wishes to express his condial thanks | . 
to Prof. K. Murakawa ‘for. his - euchuragenelieg 
throughout ae work. 
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C) K. Murakawa,: Sci. Pp. Inst, Phys ‘Che 
Res.,.18 (1982), 191; 


(2) K. Marakaway ent Ss. Sova, Phys. Rev. 7a) 
(1948), 1585. 
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. Fig. 3. Stereographie projection of 
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FMetbtvcccorid oe of the Thermionic 
Einthston from Oxide Cathode. 


By Hazimu KAWAMURA, Akira SHINOHARA, 
; ie Yoshio EMOTO. 


"Mazda Beooarch Laboratories, Tokyo- 
Shibaura El. Co., Kawasaki, 
Kanagawa-ken. 


‘(Received February 14, 1949). 


in We are measuring micro-second decay of the 
Ae oxide cathode, by the similar method to that 
hy of Sproull.(!) 


Bef As shown in Fig. “ the decay curves are. 


Short Notes. rae a Be cae ee a 


_ composed of two ‘sorts oe apeael see 


_at 1000°—1200°K of the cathode temperature, as 


50. sec. Tespectively. . 


having period of about 20 micro-seconds and ‘several *. 
hundred micro-seconds respectively. ° The later » 
decay with longer period is common to all cathodes, = 
but the degree of the former. decay is very dif- 
ferent in variaty of cathodes. We are plement. . 
this decay of the shorter period. ey 
The results we have obtained are: 
1) That, the decay is remarkable, when the ~ 
surface of the core metal of nickel has been _ 
oxidized previously ; 
2). And that the decay disapears in few minutes, 4 
when the emission current of several hundreds milli- } 
amperes per cm’ is drawn out from the cathode 


shown in Fig. 1. Curve a) in Fig. 1 is for the 
initial state, and b) and c) are the decay curves © 
for the same cathode from which the emission 
current of 400ma/ m? was drawn for 20sec.’ and } 


From these results we are now - supposing, 
that. the blocking Jayer at. the interface of oxide 
and core metal, due to the formation of barium — 
nickelate. (BaNiO,), give rise to this decay. A _ 
part of the emission carrent through the layer of ey 
the oxide is composed of ion current through layer. 
The Ba ions which are concentrated at the inter- 
face by\ this ion current should reduce the BaNiO, 
to BaO and Ni, which results in n extinguishing i; 
the blocking layer. . +: 


Reference. 
(1) R.L. Sproull Phys. Rev. 67 166 (1945). 


4 Consider a ihveiee S with an arbitrary shape 

1 the ay- plane, ‘let the remainder of the xy-plane 
8 and assume that the medivm is homogeneous 
nd isotropic. The object of this paper is to esta- 
olish a a dual relation between the diffraction by: S; 


which is an infinitely thin and conducting screen, 
ind that by S which is also an infinitely thin and 


gegueting sereen,: but in this case S is a hole. 
Definitions and notations. 


Oo tie point P= (x, y, 2) with respect to the xy- 


agate vector to the vector A = (Az, Ay, Az) with 
: (A;, Ay, os A,). 


: J (Q) and J iQ) represent ¢ electric and magnetic 


epect to the ey-plane is A= 


current. distributions (ata point Q) both being - 


rector functions of a point. These need not be 


estricted ‘to be point-, oF line-, or surface-distri- _ 


outions. —IQ)= = (HQ), 4) represents an electro- 


nagnetic current distribution. 


« 


et 


Ids (at a point P) induced “by JQ), both being 
functions of a point. _F(P)= (H(P), E(P)) 
epresents an electromagnetic field. 

eee (HP), EP) is said to be esymmetric with 
spect to the wy- plane ify 
be H(P)=—H(P), EP) = 


E(P) for all P, 


Hale, Yy, ~2)= am : (X, Yy; 2), 
Base, % —Z) = 


Ex, Y, 2), 


Ae, y, —2) = He, y, 2 

a Bey, —2) = Exe, yz) 
BG, 2) =H 2 
3 Bho, th ge = — Efe, 52). 


‘the Diffraction of Electromagnetic Waves by Screens and 
_- - Holes of Perfect. Conductors (I) 


e On a Dual. Boon between the Diffractions of Electromagnetic 
_ Waves by Screens and that by Holes of Perfect Conductors. 


By Tosio AOKI. 


Meiji Technological College, Tobata. 


Te ahi September 18, 1948) mS ee 


The point conjugate -. eonductor and the electromagnetic current, giv 


lane is (x, y, —z) and denoted by P.. The con- . 


" E(P) and A(P) represent Blecirie and magnetic 


= 


Let S be a perfect conductor in the ny-pla 
and the electromagnetic current which is denote 
by Jox(Q) = (Jr(Q), Jo Q)), be distributed in the hal: 
space z > 0 only, and let us consider one of 
cases fixed and call it U-case. The electromagnetic 
field in. this. U-case is denoted by FAP) = HAP), 
Ex(P)). 

Contrary to the aebre case, let 5 bea perfec le i 


by JQ) = J7*(Q), be distributed in z<0 onl 
and let us call it V-ease and denote the field 
Fy(P) = (Ay(P), Ev(P)). The symbol * means a) 


= (JQ)JQ)), Bore IQ) = Ie@ Fuay- 


change of the fundamental units, the Maxwell ; 
differential equations can be transformed into at 


following form 


| pxE+e a re) 
(1) 
eG , € 
Xx H—0— Se aoe 
In this new fundamental units system we have 
the following eee 


Theorem. i. 
Hy, =Ey, £u,= —H; (z>0), 
Hy,, = Ev Ey, = —H; (z< 9), 


s fields with Apacs Un and Va edioate in 


secondary fog ‘of U- and Voher Tepe vey: 


oat ‘left side of S in @,, and the left side 
J in @, with the right'side of S in g,, The 
yi is called a real space and the lower 2, 
aginary space, and these two spaces put to- 
er are denoted by @ and called a Riemann 
- with two sheets. 
Let J(Q) be a given electromagnetic current 
bution in @ and the solution which satisfies 
rell’s equations and given boundary conditions 
be called the electromagnetic field in @. 
we want to indicate the branch surface and 
urrent distribution explicitly we denote the 
by FP, S, J(Q)) instead of ee = (A(P), 


bass 


ow we a give the! outline of the proof of 


Q,) denotes the current distribution that 
2, only and is equal to JAQ) of U-case, 

Qs) denotes the current distribution that lies 

only and is equal to J;(Q), and we have | 


on ef FUP) = F(P, S, JAQd) +FB, S, FolQs), 
FHP) = F(P, 8, TAQ)+AP, 3, JQ), 


(Pe 2)" 


re ~ is defined by J= VJ, Exh). 


_ The primary fields of U- and V-cases can be 
Tepresented in the Riemann space in the form. 
Bi 9 


» Fy(P) = FUP, 8, Ju(Q,)+ FR, S, JAA), 
V0 Fy) = FP, 3, FAQN+HP,S 3, Ju@.)). 
: Bey From (2), (8) and 


\ 


Fo= Fat oy Fr= Fy tF vy 


‘ A ee 
AP, Ss Foley PE, eh ( 
F(R, 3, IAQ.) FP, 5, FAQ)» 


we ot 
ie F. yf?) os 
F ¥(P )= 
From this we have the Theorem. ii. 
Further we can transform (4) to 
= FPS, JvQ))—FIP, 8, IAQ) 
(P in z> 0), | 
(6) Fr {P= EF, S, ia) —F(P, 8S, JA@s)). 
(P inz < 0). 


~ 


(5) Fo,(P) 


= 


mat A oe J, J), we have ne Coy I= 
_ field induced by the current distribution J is F 


(H, E), then we define F* as (F*= (E, A) and 
as F = (H, 2) So, if we change J into J, 
changes into F that be a 


@ -REJQ) = FS,1Q) = 


From (5) and M),: 


* 
Fig = FC, 14Q)-FG, Jn. )) 
- re, FAQ:))— -F(S, FdQ)). 
mins J* and jz = —J* we > have 


pale FS, AQ) + FC, ua, 
this is hoe to Fy by (2), sthenefore 


Fon ee (Ev, Hey) a Fy= (Hy, Ey), Te i 
that # 


Hz = Ey, Eo, = sigry (z if 0). ane he 


The proof of the er of the Theorem. i. is con 
leted. ah ch aa 
* 2 Sa 4 4 : 
_ In the same. way, ee Fo jones from (6 
(7) and (2), so we have another patti of the. 1 
rem. i. ; ‘aa 
iii, is a direct consequence of i. 7 
Theorem was proved perfectly. 


As a special case of the Theorem we see 


the diffraction theory of screens (or holes) 


electric sources is equivalent to that ‘of holes (or 
screens) with magnetic sources. As another specia 
case, the case in which H-waves polarized ine 
direction project themselves on a ‘screen ( 


is, is equivalent to, the case in whieh ‘E-waves 


! 


ts 
Geceaiiy we have the folowing: 


i and Vi are Gen 

Further. it will be easily prones that the Theo- 
r em is an ee tansion of the principle of images. 

: ‘Concerning the diffraction by holes and screens 
; there is, the Babinet’s principle. ‘This principle 
asserts that if we define a black body as a body 
Ww ith properties of perfect absorption and perfect 
‘non reflexion, then the sum of two fields, the field 
oy ith S as a black screen and the field with 3 as 
a black sereen, is equal to the primary field (with- 
out a diffracting body) in the opposite side of the 
"source with respect to the screen. 

. fain fact, let S be a black screen, J(Q) be in 
z>0 and if we define the diffracted field by S as 


the solution of the Maxwell’s 


equations in the 
Riemann space with two sheets with the branch 
surface S, we have , 

a. | ~*F RP, S, JK QU)+FP, S, 5, JQ) = Fo (P), 

¥ (Pin z<0) 
This : is the so-called Babinet’s principle. / 

a Rgweie: eit lad pointed ont that this 


' 


rintioie lacks in clearness and that it is most | SF 
- reasonable to consider. the field as the solution of 
_the Maxwell’s equations i in the Riemann space with - 


‘Corollary. If we learn one of the fields U, V, 
1 and Vu for es 0 or 2<0 we can learn all 


smaller than the primary: Fo. 


infinite sheets, so the above relation is as vague 
as the definition of black bodies. 
Then, if we substitute black screens by screens 


of perfect conductor, what form does the Babinet’s — 
principle take? When S is a screen of perfect 
conductor the field Fy induced by Jo(Q) in an 
is expressed, By. (2), as 


Fo= FS, ska 


Similarly the field Fy that has the same current 


expressed as 
Fy = FS, IAQ) +FS, JoQs)- 


The sum Hs the above two fields is 


i 


References. 
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On ae Diffraction of’ aittieré mastte Waves = Screens ns 
Holes of Perfect Conductors (II) . 


Approximate Formulas and their Applications 


By Tosio AOKI. 


, 


Meiji Technological College, Tobata. 


a ae 
On the diffraction of waves by screens and 


y the e corresponding hole, it is sufficient to study 
of these fields, especially its field in the half. 


, Py we shall here give the sppeoximel? 


' 
1 


a he Approximate Formulas. 
i et 'S be a hole, 5 be an infinitely thin con- 
acting screen, both be on the wy-plane and cover 
the v whole plane together*. 
med ium is homogeneous and isotropic dielectric and 
its inductive capacities are « and s#, and that! the 

tromagnetic current distribution JQ) = (JQ), 
mi ) is in the left half space (¢ <0) alone. In 
‘tt e following we shall observe the diffracted fields 

through S at a point P = (a, y, z) in the right half 
space (z > 0). ' 
‘ he field we now observe is one of. V-cases 
mentioned in (I), so applying the notion of Riemann 
P ces, from (I)-(2), we have 

@ FriP)=AP,5 


o. 


‘am 


HQ 3+ F(Py, 8 S, JQz)). 7 


er Notations are po correspondingly to (I). 


_-** ~P,(P,) ig the point in 2y(@s) which has the 
oy: ame ‘coordinates os P. 


We assume that the. 


~ (Received September 18, 1948) 


F(P, S, HQ:)) = (H(P), E,(P)), 
FP, S, JQ: )= = (H,(P), FE), 


there exist , 
AAP. 2) = ae v> 
E,(P2) = —£,(P 1)» i 


HYP,) = me), 
E(P,) T= —E,(P2), 


_ so we shall only observe the first term on the rig h 


side of (1). Since 
(3) chet S, J(Q:)) ar F(P3, S, JQ); i} 
F(P2, 8, J(Q;)) = FP, 8, JQ)) 


it is sufficient to observe the field FP, S, HQ) 
after all. P “Ns / | 


{ 


Now set 
F(P, S, (Qi) = (AP), EP) 


and applying the Green’s theorem in the nea 
space, after somewhat complicated saloulyycra 
get the following Sept 


0H, 


OY 
H@) i k st (415-—¢ On | 


bat aie 


<3 Shen 


reErds } 


8 an 
xP xf. _¢axH'da 


1 five 
ey ~¢nx Eda, 


EP) = 7) (1 2 


+ fas 
1 ies es | 
F te vErxds— 7 
al ae 
+57 jem E'da 


Brive 


VxyxX ‘% _¢nx Hida, 
1 Ee ak. 


cies = @- -tF +9 y!P (2-29, 
P= ew Y; 2) i an otteering point, 


= (a, y', z') is an integral point on S, 
is field depends on t by exp(—iot), 


a i da means the surface integral on z= +0 of 
a =e, 

- { ,-4a means the surface integral on z = —0 of 
= S in Q2, 

nis a unit vector normal to s and ssi to 


“the positive. z-axis on z= +0 and the negative 


z-axis on z= —0, _ 
ie +ds means the line integal along C which i is 


ao 


the contour of S and S at the same time, and its : 


_ counter-clockwise, ds the line element vector on C. 


/The Kirchhoff-Huygens’ solutions are the first 
“each one term on ‘the right side of (4) and the 

eK ottler’ s solutions” which: were piling as a 
_“Sprungwertproblem” are the first each three 

eects on the right side of (4), that depend on vie 
primary field only. } 

q In virtue of (1), (2) and (3) we can express 

y Mg by (A’, E’) such as , 


-AP)= HP:)+ HP), 
_E(P) = E"(P,)—E"\P;), 


eS 


‘Sobstitate ee for E/ and H’ of the der. ens 


i es F) 
a es (Hinge ota 


Ah (Leet 

pelt mx Fata cal peak ae 
1 ‘ 

: / 

+ ion rxrx, tax ida, 


EP) = 5, lent 2 a 


a On 


ee GEnxds+—px \. _¢nx E/'da, 


ere the fields with sani n represent their normal 
components in the direction of positive z-axis and 
e fields with suffix ¢ their tangential components 
the xy-plane. | , 

Be Considering physically, as sthe first Seroriate. 


i adopt H and E of (5) in which E’ is substituted 


(A, E;) means the primary field of Fy = (H, E), 


" vector) 
iy direction, looking from the right side z>0, is _ 


= itr], 0 = eiht/é, O= [. ov Teds ; 
oe —T-v ; ae 
re PP, r= : PrP, t= QP’, ; 


point on C, . *) 


+ SRP 
tic Waves (II). 


sum of the terms which depend only on the primary __ 


field on the right side of (5). As the second we 


by the first approximate formula. 


§ 2. Spherical Waves. 


In the case of the radiation from a dipole 3 
located at. Q= 


transform the surface integrals of the first appro- 7 


(Xo, Yo, 2) Of finite distance we can — ae 


ximate formulas of (5) into line integrals, the 4 
result is 


(" HPAHAP)+ HAP, 
piesa Ciaes —E,(P), 


where in the case of the magnetic dipole pr (Her 


1 
Biehi sh | Beds, ; 
{ 
E, = E;y*+—— px 19+ | Bxds 
1 
{ d4riwe ” f ds, : F 


in the case of the electric dipole FY 


hee sae? fee | Bxds 


A Spa wae A-ds, Fae 
(6) me i ay. 


| ‘alfa 
in which ~ | s 
| if ag 
it Pa 


(HP), EXP) 
(Hy “PE MP) = { sie 


L is the right part (z > 0) of the cone which has | ee: 
the vertex at @ and C as its guiding COMET 


v is the unit vector with its direction QP’, Pri isa 


A= OU (ki p—(Ii + 2iké~1—28-2\(p-v)v), 


Pa(x.y,2) 


Fig. 


Plane Waves. ' 


. . ‘he Hertzvectors of H- and E-waves sr peiieigad 


direction p are ile tect by pes. Let Ke 


0 { H{P)=HH(P)+ HAP), 
Una £ (PEP) 


kop, 


Op 
lati px koe = | eF (exh) 


Pe 7) ete —(p-badky)-ds, 


Be ke we. 
| [EET E (P(e-hdk)O—F | ole 
‘4 4 _—(p-ky)ky) x ds, 
which 
: (HAP), EXP)) Pel, 
IMP), EMP) = fF 
Any 0 PeL, 


rk, xds 


eg ctrir, Fm ott o = | v 
Rain w | , ’ A r—r-k, , 


the distance from some constant phase plane 


point on G parallel to the direction &,. 


§4. Half Planes 
Slits. 


Epstein’ and Crudelli © also solved it as a br 
dary value problem. The diffraction through 
' finitely long slits were studied by Sieger a 
Morse-Rubenstein'?) exactly. Computing (7), ( 
and (7.2) we can obtain the same results as 1 
approximately. j ; 
{ 

S 5. Holes of Finite Dimensions. 

General approximate formulas have bos ob- 
tained from (5), but in this § we shall study the: 
diffracted fields of plane waves through holes 
finite dimensions at large distances especially. 

. Set the origin in the neighborhood of the hole 
We calculate (5) by the use of orthogonal coordi- - 
nates (x.y, z), spherical coordinates (FR, 6, ¢) and | 


cylindrical coordinates (0, «, z) according to circ am- 


stances. Let the propagation vector of the giv: 
plane be (R=k, 6=6,, g=¢9,) and p be the 
vector which lies in the plane normal, to k at 
origin and in the ay-plahe at the same ‘time a nd J 
directs at the angle ¢,—7/2 to the positive a-axis | 
The field whose electric field is polarized in 
direction p is called E-wave and the field Ww 
magnetic field is polarized in the direction 
called H-wave. 

In the case of H-wave 

(H~— Pp aoe cos ee 


i 


ane Kda—R = = COS * . 


+ 


wie Keos(i—e)ds, 


written in components, Be are 


ey 


( He~5_sin 6 cos 6 sin(y —%)¢, ) Kda jm 


P kel . 4 4 tt é: ‘ t 
| Fi c05 0d) Keose—ods, 


Aor epecwt weld’ ng WU wpe eticl tagr 
He=-— cos 0 cos 6, sinfg—g,)o,\ Ke 
ABR easy 8S “> We ts: 


in which 
¢ = eR/R, 
K = exp(ikd{a! cos 0+ a sin 8) 


3 kow let = exp(iked cos (a—8)), 
4, Kda+— cos 6 cos 4, A K Garg 
_ ah Ger here = (sin? 0—2 sin 0 sin 0, cos(Y—%)+sin7A,)'7?, 


pats aaa tan 6 =(sin@, sing, —sin¢sin¢)/(sin 6,cos¢,—sin@ 
6 Box Sn ” cos 3 0,(co870 Coste <5) sin Asin 9,).. eos), |» ts A 


I= (i; 7/2; Yo)» ds: = (ds, 7/2, B). . 


2z 


i 


‘ i . Mi | ox), kaa H4 sin 0 cos 6, vo) Ksin(@—e.) 


ls cos $0 06, sin(¢— oes Kda, 


pin n the case of B-wave 


=. 


4g oe a (neos 0 sin 9, —q cos" 0, 4) Kaa \ ig |! { ane i Ne sai 4 
oa te Sa Kade RE OK BiG ee Holes. ia 
(10) } . ee the we at the center of the ago 
eT}: sin(s— eds hole with radius a. In the case of plane 
z, Ee, = eae at Kda—n=-0,\ K Ge | incident at this hole the diffracted field at < 
ae . ied i hd (R, 4, 9) of large distances is obtained from (8) 3) 
cos(b—9)ds, ate (11). In this case, by the symmetry of its | 
written in components, they are. ; me without losing generality we can assume that t 
<r a eters. 5 direction of the polarization coincides with the a 


{ Ar= (cos? @ sin 9, —sin # cos’ 0, axis 
Pos oe : La AY Ee aria In the case of H-wave 

cos (—¢0)) i Sean sin @'sin Dob HeX0, . 
\, Ksin(8— oan te K ee ends, Hy —ik’a cos 4 cos 0, cos 9Y,L, | 


| Hexik’a cos 4, sin od, L, 
(12) 


He ie  eos6 (sind sind, +603"9, cos(o— -¢ » Epx~<0 
es | etna Ey~ikwpa cos 4, sin 9)L, 
0.) Kda—~> cos @ sin 0,00) K sina Fare 
| ‘mene ui C . E,~ikwua cos 4 cos 4, Cos bl 
| Fe awh s noe) 5 KAO) in the case of E-wave. . 
: Qn ee yi 
1 ; Ge. $ ha: Ar=0, ; 
ah one aon 90 bo oh, Keo») Be Hox —ikwea cos 6 sin ¢¢,L, 
Pr. 3 =—ikws ) L 
; | Bx~ we sin @.cos  Osinie— 0) aR Kda | See my Hy ikwsa cos Ob, 
A . R= 0, 
; ie ro j x 
2a cos 0 dy j. K antes ods, . ie Ep= —ik’a cos ¢$,L 
be ik Ee=ik’a cos O>in od L, 
yx cos 0 ate. Kda ‘ ~ 
ai : where. 
obs in 0 dy (. Kens(8— One ere L= Jkadyd*, "y= expibR)/R, 
at he = (sin? 0—2 sin 0sin 6, sing+sin? 6,)'/. 


pe he conor) Kaa, x * OS; ig the Bessel function of the first order.. 


: 
a 


aa 
o 


T= FFG, T = W/G 


‘In the case of H-wave 


= 2 cos 0,(1— -sin? 6 cos* 2 9) L', 


ra cos 4, (° aah “iit 6(1—sin? 6 cos*y)L*dg, 


n. at case of H-wave 
MG 
cA 


& 
oat 
ey + 


ns ; 
. fF 
wy 
Be. 
x 
¥ 


re 
ft 


eae cos 9,(1—sin* 6 sin*(g—¢,))M®*, 


‘T+ abeos), I" ‘ao\ ™ sin 0(1—sin? @ 


' i sin'(e—y,))M2de, 


in et case of E-wave : 
ie if 


Ph. 


as 
& 
‘pad | 


Hew —ikoe ab cos 0 cos Kania 


| (—%))M*de, 
in which j . 
Os = expGkRR, M= S(kflf, f= (asin 4, cose 


—sin 6 cos ¢+b%(sin 0, sin g—sinOsingy)7. — 


§ 8. Rectangular Holes. : 

‘Let two. sides of the given rectangular hole b e} 
2a and 2b, and the origin be located at its center | 
The diffracted fields of plane waves by the h 
are obtained in the same manner as the previou 


In the case of H-wave 
(f a=0, Ate 88'S 
HAex~— 2 ae cos 6 cos % am PINES, 9 62. 
Hyx— ik’ cos 6, cos(y—%), AB 


Er=0, 


Be 
Ey=— ik? op €08 6, 03 (9—%)). AB, 


; 9 ee 4 nN . BS 
oo aces ik" wp cos 8 cos 4, sin(y—%)%, AB, 


Ces 


2k- sa eae ee Btaee 5. 
=e con $l pain? cinta Aa %y 
ie xp (an ghee 

“ 5 pee: 
Ty peo, ao\’ sin 41 ane ae 
U sinte—e)A'Bde, . 


and in the case of E-wave 


_Ar~0, < ‘y 


Hox Jat 2 ikon Fog 6cos noe AB, 


Hox ik we sine—0)%AB, 
: E a=0, 


(19) Bux tk? sin (eyo AB; 


| a= ik} cos 0 cos i “eo WAB, i 
to 
A xf 
tF sec 0 a “al sin on 


cone )AtBede, leptin 


= ‘Bathetsin 6, cos ¥, —sin 8cos 8 o/s 6, COS P_ 


—sin 0 cos 9), 
ey 


7 


= Cone 6, sin g, —sin 6 sin ‘ORK sin 0, sin Po 
—sin 0 sing). 
The problem studied by Stratton and Chu‘ is 


"the special case of the above and it is easily proved 
_ that their solutions coincide with ours., ; 


“Introduction. 


In the previous paper() we discussed on. the 
wave function of the ammonia molecule, and then 
eee the effect of inhomogeneous electric 


‘field on the molecular beam of ammonia. In thts 


’ It ‘is soiutan ‘Bute that! the Wave function of 
e ammonia molecule can be classified into + and 


rey of ‘this molecule is not changed when all 
oms are inverted at the center. The wave func- 
tion of this molecule can be factorized into vibra- 


F 


roximation, so that for the + and — states 


espectivly ; inckehe ¢+ and e-, 
rts, ais not and does change sign respectivily 
above operation: ‘is made. Thus for the 
| ents: of dipole vector Awe obtain - 


- classes, owing to the fact that. the potential 


tional, rotational, andthe other parts, with good 


h rotational ‘quantam numbers J, K, and M : - 
ef By 18,000 and Po = 64, x, 00 a) 


the. Lpeationd 


On the Ammonia Molecule 
By Masataka MizusHIMA. 


(Physics Department, Faculty of Science, University of Tokyo.) 
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(II). 


\ . 
\o.adsde = |¢-a¢_dr = Oh 
and from the susceptibility. data 
Wiss \¢+md—dr| = 1,48-10-"e.s/u, 4 : 


§2 tare molecular Perturhaliie 
tween the Ammonia Molecules. 


When two ‘molecules are in the distance 


each other, the perturbation potential may 


approximately represented by the well know ef 


MW, =! 
: ¥i= 3) (am, + Oy, x, M97. R/, ws G—r 
; ; 


assumed to be 


formula 


V= ee “(2 cos 6 cos 6/—sin @ sin 6’ cos on 


where @ and ¢ are two angles which deseribe the : 


Mer 


inclination of 4. The wave function which describe 
the unperturbed two cee Syston may Le 


m ae ate as 
t+am,- 93, x Os, KR wo-L4 
WwW Se : 5 
+am,’+ 97, x, WOW, KR, weber’ 


tan, Oy, K, MOs, x7, wP-p-) Pewee (5) ae 


é 


>t 


o ae system, is ‘obtained as the roots of the follow- 
bole 


in determinantal equations. aid the mean square of é»'’s is 


> ah we Pietcshsmnt? <5: = denn! y a0), 
Kem? Av= 2 ” Res TAVIS +) 


§ 3. Intermolecular Potential in Va tie 
ous States. ¢é 


When we substitute (8) or (8’) into each coluti m mn £ | 
of (6) or (6/) respectively we obtain the correspond d- 
ing wave peneuotae Thus (8) is the ener. of sta | 


, 


S064, x, ub-'Oy, K’, wt o- 8,7, x, ub+/Or, K’, we) 


and (8/) 
SY(-eF VET em?) V+ 6, K, wbx, Ky, Wr 
Femv-9,, x, wbO5, K’,My 


respectively. aes iam 
On the other hand, if two molecules apart far 
em becomes so small that €<e,; in this case (8/) ) iy 
may be approximated by e+ (ex3 Qe on) which has 
the same form as the second order cperturbatiail 
ers RRO OS In (12/), + and — respectively correspond ee | 

: My! = "Ri JST+Y IMI +) - : ¢+97, x, mb+/On, Kr, m and $9, x, nd—/8., KY’, 

Be, lat : states. As the two energy levels of (8) do no 

cross each other, assumption of adiabatic change © 
enable us to conclude that the signs in our formula 
(11’) correspond to the above two states respect: 

In the case of (8) we can also apply the 
criterion. Strictly speaking, energy € of ; 
—3J', K!, +!) state and (J, K, +; J!, Kt, —~) 

_ are not equal to each other, as pointed ot i 
section 2; thus also in this case intermolecular 
potential may be expressed in the second 0 
perturbation form, when Sntgrmalecplag ais 


Bests rotator wave functions. Thos the mat- 
lements of submatrix A are as follows,“ 
ve \! . . 


: je ea (Mj, Mi) 3 (M,, Mi’) 


_ tion term for the ester in .. K, at sat, K? ‘ 
state is. ‘the same as that Ss es, K, ak neue 


E,=€+tem from (6) oat) 


. By =e+Ve@+e,* from (6’) (8’) 


Vie te oe fs ae 


: game. expression for both cases when the collidin 
molecule is in + and — states 


pi—Dy ane; Vet ene Fem 


be SEERA by 
a when Es, Ki? ++ey, K/, ~/ —€J, K, =—EJ1, K’, +°>0 —— : 
aa . o . ' « a | N 
, Upper sign (when, Rey |© = Po ) 
- <0 \ ‘ 


and when - fs ; 


; , lower sign a at top iell yh 
* mast be taken respectively. ‘ Lianne d Sie ark Bat’ 
. ‘ x : i : ae or 
ah . “yt My 2a 
$4. Formula for the Calculation of . A PS «Pen 
_Half-Width. pine nner (when R>a) — pi py =0 


‘ We have deduced a fov'inuila for the calculation 
of half-width of spectral line in the other paper, (5) 
which is | 


for, ‘the perturbation energy at os(=20 ee 


LO are, 


A= [Fe (1—cos Ps) da, (12) 
sages fe A does not exceed 10x, while the contri 7 


pean 


by the above force is about 10- ” as is. ‘seen 


.. 4 Ni (20), so that we may neglect the contributi 
B= \F(@) sin’Pada. gval'@ G3) 
& exchange force in the following calculation. 


7 Be hase formulae, The mean translational energy of molecule 


zs 


room temperature being much greater thar 
fe Pie) po) 


Pa ={ ae pace ad ate at about 18, we 


thus expressing the: perturbation ential Pe 
2, we obtain 


. Bis i eae 2y372 
ene nae ewrer 
fran ay we mM Va eas ve i ae Get it UF, 
% Pi—Pr = E— €(0?-+ V2a2)3?? ; 
| Ee ap av acts, K,M)n (15) sO gel ae va 


where “m, the. mass of molecule, V, the relative | — p—pp=0 for e<(0 + V2a)IP, 


velocity of collision, o, the apna of collision, In the case of (18) integration by « yields - 


= a 2 as 3076" 1/3 [Tex oe 
— — ! = Pas i iP = 2{4 aX a (2) yy (*) as 
Palculacon of Half-width in the | / (2) 50+ a i ee 
= ee : 3e2p! - = BS 
Inversion Spectrum of Ammonia. 1 * 


* This upper limit of contribution can be ‘ob a 
tained by the Lorentz model omer in the paper - “ t 
7 for Pe—Pr in this peor the following (5). 10 


, a The so-called “inversion spectrum”. correspond 


o the transtion ¢,—¢_, without any change in - 
he ( ther quantum number. Thus from the Table 


arr gs er 
a = VIW+1) (+1) 


eel a 
4Vih\e by (10) in evaluating <<X>a«vor <Y>ay and then 
; multiply the results by suitable factors.* Tn | 
averaging them we use the table of molecular d 
tribution shown in the appendix of the proceeding 
Dees ae 3 


gration x@=\" Vx (a, V) exp(—7; anv’ )av 


Table II. 


§ 6. Numerical Calculation and Com: 
parison with Experiment. ae 
Good) reported the line shape of J=3,K=3 : 

line. Applying the criterion in section 3 that i 


€y, K,-— €s’,K”,+/<0 or >0, respectively, we ca 
conclude from the experimental data that when 
the rotational quantum number ° of the me | 
molecules are J, K = 4,4;5,5;6,6;7,7;8,8;9,9: 
10, 10-- ., (19), and in the other cases (1 
must be used BS SL for the line J, K = = 5,8 
The results thus okt are 


{ 
or (19’) must be used when €7,x,++€y7, K,-"— | 
1) 


A, = 0.330-10-1%m 
7 A; = 6.72+10-!n | 
the final result is ) 3 ay 
an) dV Hifela'r A= 7.05: 10-"n ede ze) 
which is compared with the experimental data i in 
Table IV. _ Agreement is satisfactory. he 


~akE 


* Since X is approximately gar 


the suitable factor nor A is: zon 


Table III. 7 (8)' 4 : 
by the same reasoning the. sui table: factor f 


is Zave—8/ 


ay “<¥@>am 09) 


0.3 04. 0.5 0.6 0.7 


-10-4= 14.9 20.6 25.8 30.4 384.9 939.1. 


L proportion to (ro +) 
aes) 
i tely. th Table Ill. we w+ ? 


\ Table IV. 


{ 


pxto-4 {2.5% 10- “4. 510-2 


Obs. 
eale. 


0.57 
115° 


0. 57 
0.58 


0.34 


 Me/sec. 0.84 — 


tion A: - A,A is seen to be pisied to 
a 
AT sand . Contribution of A, is to make this 


ce aonality more close to the experiment. 

| ‘That the line shift B is zero is easily Paaeloges 
aby , the fact that the mean of e,, being zero, ‘there 
are eqaal number of collisions with different sign 
a id the same absolute value. This fact also agrees 


with experiment. 


ia Summary. 


' Intermolecular potential Mere eeie ammonia mole- . 
cules was ealculated, and then its results were 
used in the calculation of half-width and frequency 
The 
: Boiculated results nate’ very well with experiment. . 


“shift in the inversion spectrum of ammonia. 


. 8 8. Pn aerledetnen ts 
aa | 
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"Appendix. 


if 7 ie is a transformation hist such that - 


(21) 


_ obtain 
Sey e 
2) 
F ' 2€ — 0 ‘s 
0 Px ot 20 
a ' 
—6, 0 i 
au Ef ‘ 
0 5x pe 
=O, 


- multiplying it with (22/) 


—E (2e—E)—e,;* 0 : 
ERs Bs, e 
0 She: a 
a se ad ie a A is on les ESCs See ee ee ee et =O 
E (2e— FE) —e;" e 
0 EQe—E)+e3 \| 
0 é a 
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‘The Temperature Dependence of Initial Parstenbibey of Iron 
Single Crystals under External Tension. 


By Yuzo TOMONO, 


Physical Institute, Faculty of Science, University of Tokyo. 


(Received : 


om tered the initial permeability 
‘single crystal increases as the external 
n, applied to the measuring direction, be- 
s stronger, but shows a gentle decrease 
henomenon, was found by Dr. Kaya and 

We further performed the same experi- 


=a ins orthogonally magnetized. Then the magne- 
; risation Petes is for the most part, 180° wall 
I Gin For this motion, Becker-Kersten’s internal 
‘§ ress theory) is not applicable. We must con- 
‘sid er the local field theory) 


th oe: (4) 


or wall-energy 


internal force has been overcome _by the. | 


tat’ tension, then we can estimate the mean 
at J 


ae a ie force about 600 gr./mm?. re pro- 


Nov. 12, 1948.) 


‘ 


/ 
\ 


This Journal (in ay <! | 


of internal force from this temperature depenene ae 


§2. 
ing Method. 


Our specimens are three cylindrical pieces which” 


are directed near to the crystallographic main axes 
as illustrated in Table I. 
through recrystalisation method. 


svat I. 


cross 


name of | | 
Specimen | > length — aren 


| 254.0 mm 
| 267.0 
230.4 


. [100] 
[110] 
[111] 


2.97 -. 
3.24 


0.718 | 0.696 | 0.039 


Specimens, Apparatus and Measure 


Ay 


iy 
a 
| 

/ 


These were produced — 


sectional dincctian cosines — 


3.05 mm? 0.973 0.171 0.14 5 


0.659 | 0.542 | 0.522 


To measure the magnetisation, we used all 


astatic magneto-meter suspended by a very fine 
long quarz fibre. 
magnetic field was from 0. 001 to 0. 015 Oe. - 

' The non-induetive Pt furnace heats the em 


The amount of external tension was measur 
the elongation of phosphor bronze spring. Its 


error was 20 gr. The degree of ‘vac! 


The intensity of ‘the appl | 


takes place, affects the initial permeability of iron. 
To avoid this aging effect, we cooled specimens 
s rapidly as possible about this temperature. 
The cooling velocity was 18°C/minute, but it was 


not sufficient to quench the aging. Before measur- 
G ing initial permeability, two sorts of demagnetisa- 


‘tion were performed. One is the thermal method 


: _ and the other is demagnetisation in alternating 
- field, wwhgne amplitude was 25 Oe. 
~§ 3. Se ae Reenles: 


Just below Curie temperature, the initial per- 
- meability when not loaded, »increases above 10000 
abruptly and decreases | straightly down as Fig. 
2, 8 and 4 show. 
; -demagnetisation (i. D.) gives a little higher initial 


Near room temperature, thermal 


f permeability than alternating field demagnetisation 
a D.). At higher temperature their - relation 
becomes reverse, and just below Curie temperature 


if Ato 
: they coincide. On specimen [100] a little abrupt 


ia fetenze ‘is seen below, 150" C, showing that our — 


g Feelocity about 150°C, where the magnetic aging 


. imum. But specimen [111] at 700, C shows pry 


~ 
On 
So 
is} 


reid) 
i=) 
° 
is} 


; Onéliat Permeability é ae — 
vy) : ., 


0. 200 400 
| Temperature Wes 


Fig. a4 ks 
ies ts 
we 
a) 
3a 
cea 
rg 
9 
§ 
i“ 
ae 
=~ y 
3 ; 
As, : 
3 i 
rs 
‘ oe 
400 600 
Temperdlure ct 
Fig. 4. 


TDs 
A.D.: 


thermal demagnetisavion 


temperature the qualitatively same behavi 
observed as in Kaya and Taoka’s case,. the 


initial permeability-tension curve shows the x x 


_ These maximum values of initial Sete pare: ; 


shown in Fig. 5. | ngil 


” 

3/5000 

F 

ae e 
19000) 

= 


» Maximum Value 
Sal 


: 800° 
Temperature © 
“Fig. 5. 


a 
. 


The differ- 


f om due to the demagnetisation method is 


i oe reaches a stationary value. 


These are illustrated in 


400 
—> Temerature °C’ 
Fig. 6. 


600 300 


e Specimens we used have positive magneto- 


on at weak field. For even [111] is not a 
ay that the volume of tina ghetio domains dire- 
ted « to the external tension grows at the expense 
1 meee orthogonal to the. external tension. And 
when the external tension wholly overcomes the 
al force, this increase ceases. This may cor- 
ed to the increase of initial permeability. 
| we can not answer why the increase of do- 
ns magnetized to the measuring direction fav- 
ably affects the initial magnetisation process. 
On the other hand the decrease of permeabi- 
by tension becomes more serious as tempera- 
re goes higher. Above all, spetemen [111], as 


_in Fig. 7, shows no peak at 700°C. From | 


(3) Kaya, Taoka and Tki: 


Initial Permeability 


—> External Tension Gr (mi 
Big. <7: 


Om, regarded as the mean value of internal force, 
rapidly goes down at certain temperature and above 
that temperature shows almost constant, yeluge RB 
Near 
room temperature, a peculiar internal stress, du Qe. 


From tnis fact we can say the followings. - 


to the magnetic aging and others, decides the do | 
man distribution, but on the other hand, at highe a 
temperature it is decided by self-consistent force — 
field. We. call. the force field which is decided by 
domain distribution itself “self-consistent field” 7 
whichever magnetic or elastic force ‘field it may q 
be. The amount of this self-consistent field may 
be the function: of. magneto-striction constant, | 
elastic constant and intensity of spontaneous ei 
‘magnetisation. We know, especially on [100] these 
constants do not so seriously change from 300°C 


‘up to 690°C, We can therefore expect, that within 


this temperature range the strength of the in al 


force remains nearly constant. Pe 


The difference of permeability by demagnetisa 
tion method is very much complicated. It nee ds 
further investigation. : , a 


Closing the paper, we express our thaphndt 
Dr. Kaya who encouraged our researches and te 
Mr. Taoka who was the. designer of magneto-meter 
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Introduction. 


ie 


The theory based’on the assumption of the 


nee of shock waves in a gas flow through a Laval 
On the other 
nd, usual theories of shock wave cannot give 


zzle or a high speed wind tunnel. 


information concerning the entire flow field. Thus 
will be of much’ interest if we can extend the 


oh 


2 


y ‘the theory of cylindrical shock wave. 


ase of radial gas flow in the-presence of both 
Viscosity and heat conduction. This is essentially 
ef Denoting the velocity and density by wu and o, 
a equation for the continuity of mass in polar 


ca ordinates ean be written as: 


. pur=const=m, | (1) 


dua ap), a 


Ht pi ae 3! dr r ve me 


a 


By ee SAKURAI, 
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iabatie law is unsatisfactory to explain the oecur- 


_theory so as to be applicable, for example, to the’ 


U Se) anh 


= —rufp+= u (--2S adr +mH, 


where F£ is a constant. 


The only special case of any importance is 
that of a perfect gas whose characteristic eqi 
tions are 


7 U=ce,T, p = oT, 


where c = (gas constant)/(molecular weight), The 
using the relation : 


Cp—Cy = c, the above equa 
is reduced to ; % 


amen T+ (+ atm) aut = Bar ote pr amb. 


a 


© 


If we assume, ‘for’ Simplicity, that 2, 4, ep : , are 


+ 


constant, the ‘four quantities u,p,o, 7. may 
determined by the equations (1)—(4).’ 


§2. 


ners introduce the local velocity of sound 


Transformation of Equations. ye 


by 


; Saar ERIN 
or ‘ 
_ 3 eur _ Cyt 
Fire diac tisye Pave 


R is nothing other than the Reynolds number and re 5 
@ is the Prandtl number. . 
Introducing these quantities, scamtione ao 3 


become respectively 
pur =m, pa? = Kp, oS (5) » 


Ce _B dp ee 
rGausk dr’ Oied 


att oe 


* ae Real" 


ee dus Ry dja@y @& leah geen eek 2.9 
—(R—1)r——u = —{r—(—)—— 3. 8 A being an arbitrary constant. 
oy ies ia Bea) = e) en . 


r= et, (7) and (8) are re- § 4. 


1d ee 3 2 is: | se appl value R, given by 


= aut). 
~ Rdt\4on—1 ) 46/3 = 1+UR,,, 
0), 
the energy equation pe ‘ean be reduced to- 
ya+ +(44 a2 
ty, 2 1 = AN 
I t : d (10 —~+a?+(14+> |\wW-2B), 
C to take slate n. this case ©) sn A ) mec L ashy ate 1 a--( R, ju ; }, ; 
‘respectively sei : ih BR fu 
ay gE Ne. which gives, on integration, sue Gee 
led ya), @ edp - : 4 
= —j{— (= =, (11) é aah ; Sane. A 
toe tae a = = mdt’ Seren ay dope Cell+Rgit = CyritRy Bi) 
c—1 = ltgt! Page eae is aie ‘4 


Mb Ten a (12) where C is a constant. 


er 


: +1 22 = aia . 
ras Now we are concerned with such a case thal 
the state at infinity is uniform, that is, rduldr- 
-rda?/dr-+0, when r>o. “Hence ‘C must be eq 

*, toys Kel). _ to zero. Thus we have a relation similar to 
Bernoulli equation : A 


ituting eur = puet = m, ay can ne writ- 


In this case, oe the: constant Bm is ; deternina $5 
E= ante 1), and 


ici (9) and (15), we Rave an n equation for 4 
- the’ special case R = i 


et R, 


Qk Tie {2ae (ou he ac ts 5 : 


; «1, oa ae 


8 = 143811 a | sites ahy 


c—1 ee 


*-2'h 


case of gas with both viscosty and 
arent 


wes) 
Vv gets 


» above ‘equation becomes > | 
ped aN eet e (et 1 ay ei 
at , (ey Fiend R la. 


-11 1 1 ¢ 
get Oa Be lent B)* HY 


38e—-1 1),. gute 


(17) 


‘Let»us turn to the value of R,, which is given 
n the following table: , 


: ; 4 
g : 7 oa { 5-3 = Mee Fea 
Meyer’s theory | 0.88 0.17 6. 
q air 0.72 —0.04 —26 
- HO at 100°C | 1.06 |" 0.4 2 
7 CO, 0.80 0.07 15 


Rk ‘is negative in the case of air, and consequently 


R, which by definition is essentially positive, can 


a 


never be equal to R,. But, using R, in place of 


“ the equation (10) can be rewritten asi 27 
| aa a+ (14) e208} = (aoe) 


This ‘equation ‘js of such property that it can 
duced to (14), if R-'—R,-' is small. And 
the equation (15) would be, obtained ap- 


mately in the case when the value of R is 
slightly different from R,. Then, combining 
and (15), we have, in place of (16), 


Sg era ene 


olds approximately for the general case of 
very different from R,. 


rape Br 


fire maiee §5.. Solution of ‘Equation and Velocity a 


TY ~'1.4, then’ (17) becomes — 2 £ Hoe 


Distributions. 


—err 


_ Let us consider, as an example, the case. in 
which R equals R, = 6,-as in Meyer’s theory, and — 
Be al ae A 


: : hae 
wydy/du+(2—5u) y+20—wu=0. 
This nonlinear equation is solved by a graphical 
method of isoclines and is shown in Fig. 1. ‘Th 
solution presents different behaviour in the thre 
respective domains (a), (b), (c), and the two bou 
daries between them are denoted by (d) and (e 
On the curves belonging! to the domain (a) and ae 
-y=rdu/dr<0 and hence uw is a monotonely dec-_ 
reasing function of r. In (c) and (e), y =rdu 
=0, and consequently u is monotonely increasi 
» But, in the domain (b), y has a zero and sou 
have an extremum there. 


J 


ay : * 
By using these integral curves in Fig. 1, ve- _ 
locity distribution curves can also be obtained by 


the method of isoclines from the equation: 


xO TN 


y = rdu/dr, 


or wd?u/dt? +(2—5u) dujdt-+2(1—w)u = 0, rset. 
The curves thus obtained are shown in Fig. 2, 


where we put u = “2/5 (which is just the local 


; ocity of sound) at rs 1 and the letters (a)—(e) _ ts 
orrespond to those of Fig. 1. | Ogee CEM, ag A ane ae 
Using the values of if ‘and u which ar J 
Hl 
as shown in Fig. 3. It will be seen’ : 
each p/p, curve tends to a different val 
with increase of 7, in contrast to the 
* that the velocity curves in Fig. 2 all te 
to one and the same value zero, ry | 
It is a well-known experimental fact 
- that. if the” pressure at the outlet of ¢ ) 
Laval ‘nozzle falls below a certain defini 
value, a shock wave appears,- which moves : 
to the outlet with the fall of the pressu 
at the outlet, the discharge of mass, t 
pressure and velocity at the throat remaining 
constant all the while (the velocity at the throat | 
being always equal to the local velocity of sound: 
Such a fact is clearly accounted for by the presentt 


la heory. On the other hand, in the intermediate . theory, as may be seen from Fig. B : 


n (b), velocity distributions have close resem- 


LLL ZIP ee 


lillie 


7 


' 
* 


Yy 


be interesting to note that all these results men- _ 


ae ‘ 
Se Pressure Distribution. 
Byes). ade 
i From (5) and (15), we get 
wey «—T LN As a 
; NE og ti 5 (1+ 5) a a= 0. 
agen ae | 
If we put p=py, w= [(«+1)/2—(«—1)(2R,)]-'7 
( *hich is just the local velocity of sound) at » = 1, 
_ and if’ we. measure w in the manner mentioned 
' Ps 


a ee 


before, then 
‘S-gay ‘ 
is 


Rie) (as R,—1) } 


1 
2 


K—1/ \xn—1 


. Fig. : 3. 


mae oli AEL est - In conclusion I wish to express my s 


~ (€-1)R,+3e—I 


thanks to Dr. I. Imai for the guidance t 
the present work. ig Ey 


d The ionization and recombination of negates 
oxygen ion as the radiative processes have been 


rd to ionospherie problems. It is also possible, 
however, that these processes Occur through the 
teraction with the free electrons, existing quite 
abundantly in the jonoshere. In ,this paper, the 
group-theoretical method, and the formulae for the 
srOss section are deduced. The numerical results 
“will be published later in erberste papers. 


1. Negative Ceceee Ion. 


Negatively charged ion. was first detected by 
et, J. Thomson in the mass spectrograph, and plays 
an important réle in the upper atmosphere, and 
‘also in the discharge tube. 


} 


In the ionosphere, the 
ree electron released from the atom by solar 
adiation in the daytime, combines with the oxygen 
tom and forms the negative ion at night. 
Hartree and others!) calculated the wave fune- 
ions: of O- (1s) (2s (2p) by the self-consistent 
field method, including exehange effect and con- 
guration interaction. 

The electron affinity of O- ion has peck deter- 
1 mined by several authors. Lozier() gives 2.2eV. 


by the experiment which yields O- ion by electron 


ete.) But the other data differ from this. value : 
333 eV. by. Milliken, and 3.07eV. by Vier and 
‘Mayer. (_ 
ifference makes, it difficult to decide the value 


Perhaps the smallness of the energy 


peactly by esperipoent 
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vestigated by Yamanouchi, with the special re: 


latter processes are treated theoretically, by -he © 


_the similar effect happen to the O- ion? If so, 


‘excitation cross section of oxygen atom by eleetron 
collision with various gas molecules. (0,, CO, H,O 


' gtead one. 


lectron Impact. 


e 


1=1 about the atom, shows anomalous behaviour. 
The p-function spreads out flately like a “back 
of whale’’, and this results to the large excitations x 
probability of the oxygen atom by slow electron” 
impact. Generally speaking, the atom with i ines | 
plete shell has a kind of virtual level, and rs 


electron incident with this energy is trapped for : 


time, so the cross section’ becomes large. Doesn 


what extent? These questions are not, only th 
etically interesting, but useful.in the applica ; 
to the ionospheric problem, or discharge ioe ¥ 
To begin with, I have worked out the formula for 
the cross section of the lonization < O- ion by 
electron impact. . Coe 


§ 3. The ees Probability. 
The ionization o¢urrs by the following proces 


(2p)° *P+e>(2p)' *P+e’ ben ‘ a 


Ben one of excited ‘states, 'D or 'S. The caleula- 
tion procedures are almost the same. So we illus- 
trate the method of calculation with the process : 
(1), which is most likely to happen. 


Yamanouchi and Kotani( have formulated t 


impact : 
(2p)! 3P+e->(2p)! 1D or 1S+e! 


The method can be applied with the modifica: 
tion due to the fact that two electrons out go. in- Ks 


According to their formulation, the collision 
problem canbe treated as n+1 body problem, 7% 
e. n electons of the atom plus one colliding ele- 
ctron. To treat many-body problem, the one-body 
approximation is the only practicable method in 


present. Owing to the spherical symmetry the 


fanetion is Sesteentently cies into radial 


| and angular parts. soit ; re 
; ; the velocity & in atomic unit,* is decomposed 

the partial spherical waves with the angular 
menta f = 0,1,2,---+ such as 


ere SS, 0(9, vg) is the normalized spherical . har- 
1 oni, and y = krfe, 1(r) is the solution of the dif- 
erential equation : 


5 


carte ~2U. Yo 


: mate 


‘ 
+ 


; He i ‘is Seed Jigs on determined a the asymp- 


a toti 
i 
ree 


‘3 crt s ‘oe : 
: rit log Sohne : 7 a 


1 erent = fire) Surm@, Oe 
yah stse Fel?) Sromtb, 9) ae (5) 


= Wafer (r) gates 


« ! 


ae es a7 vy 


‘similar equation for y = beferilr), where © 


) is the appropriate field hf the oxygen atom. 
yr? have the asmptotie forms : 


yRar ~ sin (or—Un/2-r tei) , ob i 
c yews ~ sin (kr—U/ap2+-m) , ® 


Now thextransition probability. for the process » 


ean be expressed as the square sum of the 


“matrix” element of the perturbation Hamiltonian 
oA ” 


“operator, ‘such as 


bys ssible initial states « and final states a! involved 
in this process and g is the statistical weight of 
Dat e @, As the partial process a — a! 2 we consider 


tering of each elementary, ‘spherical wave 


fe ao Y Atos units:are used exclusively ‘in’ our 
leulations. . t 


A % The wave function of tite Tneldent: electron 


VES TFL i exp (on) fo.(P)Si0(0,0) @). 
b=t 


spin is 1 or 0. 
(i) energy: 


E0- ae k= = £@) tye 


EO) E(0-) = electron. orate has not. ‘been a ; 
mined exactly as above.mentioned. It may 


taken as.0.1 a.u. (2.7 eV.) so as to fasciliate 


calculation. © 
--. (ii) angular momentum: . 


This is {4 
{L41, dor 143} 
java, v4, oes soe [P| an 


4 


(iv) parity: -l-even felt, Ut “ue odd, 9 
_ L.odd PLN Vayu even.’ 


aes 


“Combining Gii) and (iv), we ean tabulate ‘th 
allowed process 7 <+1/, Il/”. as shown in ‘Table HT. 
(v) component of angular ™momentam ; 3a 


te ! M= M+m!-+m!?. a ine 


M, M’ ene m', m/!! are those of | baie ion, the | 
and the seattered electronsé:\41i)" ty, yeh 


Samming up the Chanssinge of. partial pros 
cesses, we obtain “rie arte : 


wee 


ae yr, a { 


Wi Re 4? past aed tan eet ee 
2 ert Oe ae oer 


Each factor has its STR 


ap CLtDy | (284s 1) # 


to take” average over Tnitial! states of the aton 


the incident electon: my 


aye oy . 4 2 — ee 


es, fee mie 


with Pe to energy. 


VERT Soc MS TUGLER LA TOPS 

squared ; amplitude . of thesincident 

site expansion’ (2). Ade tostls "ue 
- Partial cross) section. Vili 


oan 
% 


waa io 7 a ok ma Ay ‘ . ‘ _ 1 : 
¥ y Sh - —_ 
6 Vi = (284.2) BU 428°" 7 UY, © (0). 


ash 2 
oO Hey 207 /mmt? E 


. ie ae eL+)Ss 2 > 

(11) 
‘Integrating Wz-+x, ivy above-obtained we get 
ne ota tof probability by the electron ‘with the 


i 


As the final. wave functions are normalized 
with respect: to energy, it does not need the den- 


ity. functions at integration. 


> tween EB and H+d£ is Nz per unit volume, 


4 


pe Pee 


Ad 
Pei 


w= Sn, 


yao 


eae 
Ore 


is the probability per unit volume per reine ‘time. 


; "- ‘Now as the perturbation potential which cau- 
. ses the transition we consider the Coulomb interae- 


~ tion between incident and ionic electrons = Ari, bab 


. where’ Yi,n+1 Means ‘the distance Utica the i-th 


electron of the ion and the colliding electron. If 
: we take account of non-orthogonality of wave 
F 


- functions of the ionic and free electrons, the terms 


which depend ' on “the one coordinate of only one 


electron, e.g. radial potential, would have some 
contribution, which we have neglected in the pre- 
ent calculation. 

oe i Partial Cross Section. 


The matrix element of perturbing Hamiltonian 


electrons are listed | in ‘Table I. 


Finn ¥ 
M, ionization = ave heh rane Oyeag (12) { 


. If the number of electrons with energy bee 


We, ioe . (13) | 


“The last orbital marked with asterisk in 
and the last two in X’ are those of thé free elec | 
trons. Since the interchange of paired orbitals as _ 
a whole does not affect the representation matrix _ 
for that part which we need to dénstinnct th 


may use the representation matrix of the 5 
metric group of the pegeuna ee of 4 feu 
stead of 6.° 

We construct the energy, matrix as us 


a‘ 1 . 
Hee: = Vara IPR) BN PUME) HPIXX) ¥ 


(a) rat 1 0 
@ ia: a 
AC egal ane —1 
'(@). AG ei ig 0 
xi Fat Peet 0 


(1100—1; 0*) 
(1100—1: 0*) 
(11—1—10; 0*) 
> (41=1=10; 0*) 
- (00—1—H3, 0*) 
Oxide T1 ; 0%):. 


(110—1; mm!) 
(001—1;: mim!) 
(110-1; mlm’) Riu 
(=1=1105 m!m!") > 
(+-1-1103)}m!m!") , >. 

(001-1 m!m!") 


Pionite ‘sign should be used. 
| Table II. UP) 


(28) (24) (23) 


v3j2| —Vv3/2 


x ae x] Phe Wam() Pa7, 272mg) acs 


(16) 


(23)(24) is similar integral obtained by inter- 


ed oat ‘as usual according to the formula 
ced out by Slater.) 


22, C8 (mrp, m’) ck (m!", O*) 


k= |’) 


ml; ml, OF) = 


x Re (2p, KU; KIM", Ke). (17) 


re the ‘left-hand side is the abbreviation for the 
ag (16), and 


Re (op, WU; 10", ) = |" 2 Rag) 
Ry 
x Xfi hit! (ry) fuer ra) Si (12) r?rdridr., (18) 
ere 1< or r> means the smaller or larger one 
p between r, and r;, and R,, is the radial wave func- 
ot on of 2p-electron in O- ion. | 
a Now we come to consider the partial process 
; I, 1” for free electrons and at the same time 
; >5L) for the ion or the atom. Fortunately 


Vi” =Real+l)) 3 


a (p)*p state ‘aineatiy, hd al 4 

sets X’ (p*) *P. So it does. not require the 
formation matrix from M-scheme to_ L-scheme. 1 
To get the partial cross section U;!’”’ for a defi- 
nite multiplicity we must sum up the square of 
Hx*’ for all possible combinations of M and (M’, 
m!,m!'), which are listed in Table I. It is to be } 
noted that for each transition M<—>M’ the sub- 
summation should be carried oat over all sets ( n!, 
m!) that satisfy the relation m/+m!/ = M—M!”, 
Adding the two U;””’ corresponding to the total 
multiplicity, singlet and triplet respectively, with . 
appropriate multiplication factors,we obtain the | 


partial cross section 
' 


pe m oe 
Mo =-x!l, hadi Fanti . 


—(M2py m’; ml, 0*) (0*, m’; mi, Mip) 
(9) 
fe Oe ; 
Inserting the numerical values c*(m,,m.), we | 
obtain Table III for V/?’”’. Here we use the 
abbreviation Rx, for the double integral involving | 
4 radial wave functions (18), and Ry for he simila a 
integral that is obtained by interchanging Sev and 
Fens in (18). Of course, for Uv =U, Vil’ is sym- — 
metric with respect to Rx and Re, and for J/=4l/! — 


+(0*, m/; m!’, m2p)*} 


V?’’" is obtained by interchanging Ry Re and 


Re-rRg in Vi".. | | 

Thus the ealulation of the cross contin ‘is 
reduced to that of a large number of double in 
tegrals Rx and Rx, in dependence of energies of 


the incident electron and one of the seatteret 


electrons. 
The writer wishes to take this Suedetanne 
Seapets. his sincere appreciation, to Profe 


helptal guidance and ‘criticism: 
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i) ier: : 
. Introduction. 


erie 
ae 


I ‘the previous reports'”) I have formulated 


; Neeryion for ionization of the negative 7 


gen ic ion by electron impact. To obtain practical 
ee the ionization function.in dependence of 
cident energy, we must compute a number 


he double integrals which have the following. 
4 ‘ ‘4 ‘ " " 


e orck. 4 ae te gat : ; 
” See) ayaa fo UR EES hah 


oe 


following equation Loe 


ee ee t 2 ‘ 


t 


e radial wave functions y,, have been cal- 


lated. by pumerical integration of the Sas tee: 


All imaical quantities are measured in 


- for several values. of k’, namely 


and k? = 0.2,'0.4, 0.6, 0.8, 1.0 


section. 
\ 


be expanded as 


| 

| 

id ] 

i? = 0.2, 0.4;10.6, 0.8, and 1.0 for = 0, 1 
“3 


‘ 


. tty i 

1.2, 1.4, 1.6, 1.8 and 2.0 for ¢= f 
| 
For 122 .the wave functions are neglibibly sma il 
incide the ion and would not contribute to the eros 5 . 

The procedures of ifie eniculations are simile 

to the cases of O, O+, O++ and O+++. The 
regular solution, that is dimen admissible, ca 


mpeg ter?-beyr+ a os | 


> 


where ¢,,¢.,.... are determined siocusaiety by 


substituting the above expansion into (2). This s 
series serves to give the successive three p-values 7 
which are needed to start the numerical integra. 

tion. Then the so-called ‘Stormer-Levy metho yd 
can be applied, which is the most convenient one 
now available. The integration has been carrie } 
ont up to r= 12. The results are shown in Fig } 
land 2. ee | 


eatin factor N 4 c+," is to be» m 
-plid to the numerical solution. vi 
Tf we put. 


‘the normalized wave function has the asymp 


form: | 


gee Me Oe ieee! 


ji 
) 


Fig. 2/5 


1 


Normalization of Wave Functions. see 


SS For 7210 the electronic wave functions of 
the eens ion vanish in significant figures, so 


i 


a the ionic field V(r) becomes practically repulsive , ane 


~ Coulombic field Yr. Hence the equation (2) reduces 
to Pah oe | 


eat acs bere 
as ‘pclae oe =a fy =5, ©) 
This is so-called Whittalee’s equatOHiPYost | lag 


Wheeler and Breit () have introduced two -indepen- 
dent: solutions: Fir), Gir) which have asymptotic 
t forms as: follows 


iy 


H ee . 
ae Bo NAS OH a EG). 
+ eens eciel bagoe aaer 


ja 


Are 
vbere 6 = = kr, Bit = ik and. a= sreP C4144). F, 
is regular at y= 0, but G; is irregular. These 


$4 4. Calculations “Of F, G, an 

| Gi. . ; 
The ay esa) values: of. KF @, Gi r) 

Fi (r), Gi(r) can, be calculated by series. exp ans 
for small eo = kr, or by asymptotic series for ar - | 


® 


=| nypergometric functions of Whittaker and “Wat 


coke aitacnal SRE y os be ac, as LESSEE tS o tt AEE 
- lin ae combination of F; an d Gi, ah he _ The series expansions are » as follows: 
ee use ebe. Bie hee cs Fy = Opst Agel, © Fee: 
‘ jae "#3 te 
‘G=D 5: aye + (1 log 2e +0) 3 A 

ns are > jointed smothly to alr + 06; at r= 10, mila oP ah se : 4 } 
igi is ie Y ‘ A gs peng : bears, ‘The formialaé of the ciadtaate Ci; Dis pr ani 5 

US ahi+eGr, ig ; ' qi; and the three-terms reccurence ‘formulae “for 


of =aFhKeG!. baer the! coefficients A,/s dnd-a,/s* ‘are’ given “in Yost 


: superfluous labors, the asymptotic expan- 

! s are used effectively. The formulae are already 

ved in case of ace field.) Sign change 
We have ; 

: op, ae S- 


}+sin 3 ‘ear 


~ - COs af14s 


(2e)” 


= calieer amt “a, and &, satisfy 


fas nt Dag 
n wh 

“ast (2—>) nf, 
(11) 


it a difficulty occured for k? = 0.2. In this 


4 4721.. 


want to get five significant figures, both terms 


be calculated up to eleven figures. 


cos 6; boi ‘ (10) 


-at r= 10, where the Seyman ese 


any Wo Meee ys ike WAY ala Re ae 
be very small. ‘This is hee ti 


us fail. 
To avoid this difficulty, we may intoeeae 
equation (5) backwards from r = 10 tor = 1, wh 


figures. But it_is more convenient to integrat 
forwards to r= - 20, where the asymptotic expan 
sion is available. , K 

The convenient recurrence formulae. for Fy 


and G are given by the ladder method which is 


devised originally by Infed(*) and extended to thal | \ 
case of continuous eigenvalues by Yamanouchi.() 
They are. ; 
Fy = PiPics— Pa 
“Fy! = PF 1+QFi-1 ; 


and the same expressions for G;, G/’, . 


Owing to these formulae we need the series caleula-_ 
tion only for 7=0. These formulae serve xe as 
powerful check. — : 
F/G.—FG! ‘par Saat is used as Paate check in al } } 
cases. 
The results 3 are tabulated in Table I 


SS, Effective Potential and Characters | 


istics of Wave Function,  —— 
The characteristics of the s-and p-Waves, whie’ 


arte 


correspond tol = 0 and 1, are interesting. In cas 


of s-wave, the potential curve is shown in Fig. 


eS 


r 0, 2 yates at r = 20 are ‘given. 


Impact, UW: 


The: Sree are chon at 
r= 10.— All these values have ‘been calculated by asympotic expansions. 


ke 0.2 0.4 0.6 0.8 AON 
‘FB, 0.08299 0.8025, 0.88806. 0.75421 | 0 47757 
G, — 1.1838, —0.8659, —0.65704 |- 0.76425 0.94288 
2.) —0.37785 —0.4103, 0.40658 | 0.59897 0.84115. 
Gy! 0.00805 —0.3454, 0.57142 0.57897 | — 0.48827 ae 
FR | 1.0928 | 0.45082 1.0648 | =8. 22886 
Gy » —0:5131, —1.0231 0.19508 
Fy. —0.2526, —0.62738 0.15943 
Tee) 3 —0.4601, 0.22432 0.81077 
LB Gi—F.G 0.44721 0.6825,  —«0.77460« «(0.89442 | 
Py’'Gi FiGy 0.44721 0.6325, 0.77458 0.89441 
0.44721 0.6324, | 0.77460 0.89443 
ag i, E Na 1.0928 0.45085 —1.0648 
— PiG,—Gy/)/a —0.5130, ©;  —1.0231 0.19506 
(BB +QiF,)/a1 —0.2525, —0.62738 0.15942 | | 
Ss (P1Gy/ + QiGy)/a1 : —0.4602, 0.29434 0.81078 
ee ee 0.3112, . ° 0.1248, 0.2420, —0.2850; 
ory” = 
i= 
7 = Sea aoe * <i = 
24 palate a -siete ann OY ae 1.4. 1.6 1.8 
e. epee he ; , } ; 
t ioe PAL 2 : ; ali Ne | : 
a Pekan 0.78851 -1,01211 0.40599 0.41408 | 
‘ Bae ens, 0.69570 - 0.25368 |  —0.95474 — 0.94637 
a ee 0.68449 —0.28070 1.19871 — 1.18834 
i Gi. 0.78533 1.0987 0.47301 0.52418 
Bis. F/G._-FiG, 1.09544 1.18322 1.26489 1.34166 1.41425 
ee crag aN | 1.09545 1.18322 1.26491 1.34164 441424 
Gacy atta an OeBUT Oy 0.3064, 0.3035, —0.2991, 


2 a flat potential hill. 


It is attractive near the nucleus, but repulsive far . 
s from ‘the ion. In the intermediate region there is 


- Classically repuing: the electrons with energy 


~ meter. 


a camel appear in 


some range of energy | 
(Fig. 1, and 2 in §2.) 
The effective Be idee raat for p-wave is 


; 8 arcely enough to pass over the hill, spend a large 
part of their lapse in the. orbital motion. around 
the. ‘jon. So the large ionization probability is to 
be expected. The electrons with smaller incident 
energy are repelled by the potential barrier, and 
hose with larger energy pass the ion in haste. 


The critical energy is about 2 = 0.7a.u. (= 1.9 eV.), 


mechanical solution. The wave pamanaes with 


hich is equal to the height of the potential bar- . 
“The more exact expression is given by wave 
mum, because p-wave becomes effective in turn. 


* reported in the following paper. | 


hill as shown in Fig. 4. 


The critical value now becomes k*?=1.3a 


energy increases, the cross-section curve rises 
and has the first maximum due to s-wave. Th 
it depresses and again ascends to the second maxi-- 


Detailed caleulation is now in progress and will be 


after ae to express his sincere thanks 
~ Yamanouchi for his kind guidance and 
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| Water (aap in FORE Boundary Layer. KS 


i 


By. Ttiro TAN. 


partment of Physical Technology, Benbodl Fasueg of Engineering, University of Tokyo. : 


‘(Read Osher 18, 1948; 


, 


en a aertical water jet pines on a 


ally Sate the wall until a canta wave 
: & beyond which’ the stream increases its. 


1 tly observed in the flow in open channels. 
" ay reveals, however, that the 


‘shown, in Fig. 1. It seems worth while 


2 the phenomenon i in the light of ae bound- ‘ 
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maak 


2, the tayer, alters fepma Gap oat Boden 
layer in that it experiences the gravity force and 
that it has a free ete 2 : The = equations of: rads | 
flow are ; 3 


y ar 
vA 


“198, (ee 


Tp Or 


9g the acceleration due on gravity, oO 
and y the coefficient of kinematic 


vias oe ae a) 


sole”, 4 eNO 


re h is the Gickinesd of the layer. The equa- 
23 ae the mgs of Up curve continues to increase, until 


| the isocline with infinite slope is reached. Actually, 


du du dh . Oy ey however, before’ reaching the infinite alg 
ee Seg — ps ; LC pe, “the 
Or OZ) Var” O22" (6) } 


‘The boundary. conditions are ; of flow trom the eH and consequently eae . 


La a ©) of the stream. 


The analysis as given here, has” alrea 
au obtained by Prof. Kurihara’ (1946) in a 
eS, rad 0 when z a h (7) ‘modified form. The ee Rrtet is 


or the free surface. Condition of steady state 


ae G: £ as 
Qs 2er\'ude BL oy (8) ~ 


Sis constant. Integration of (5) with respect to 2 


d ’ 2d se poe see MOY varies linearly with the distance rs ~ 

i ao” tare i) os (9) ied | : Vea 
§ Be. Equation (9) may be used i determine A in’. aes =< he cree 
yee ae r 


_terms of r if a reasonable form i is assumed for the ae 
This assumption is originally due to Prof. 


; “velocity distribation across the layer. Assuming 
(1940), and is used for developing an approxi 


. "the simplest form satisfying the conditions (6) and 


B (7) ee solution of the usual boundary layer. Since _ 
= mes a Sheers adequacy of the assumption is. justified only 
a rte ; oe u (27 h spb (10) immediate neighborhood of the wall, the ace 


} 


of the resulting solation has been ie 


Eve. obtain the differential cauetion for h: 
4 ma 


dh (62v/Q) oo -h (11) 


° 


% eo 4 ‘dr ra 4 1 —(10z"g/38Q*)rsh3 


The isoclines are shown in Fig. 2 for the case with ey approximation Mecasnote the ie 
= = 40 em}/s, » = 0. oll4 em*/s, g = 980cm/s’. The Substituting (12) into (1) and (5), we have 


-0-0005 Pu we ile uae hd 


dr 


1 


ae Se ah 


where 


1.000 

0.740 | ~ 0.698 | 

0.718 | ° 0.440 

0.702 0.289 

: 0.686 | 0.145 

ed, we require that il aii : 25 0.667 0 

er shen. 0.643 | —0.156 

93 = 4-92, : ; | 0.615 |. —0.302 

0.592 | —0.405 | — 2.31 
ry 3 936i | 0.569 | —0.498 | — 4.62 — 

a @)= 49 Bie eer a 1.118% | 0.520 | —0.650 | — 9.14 

‘4 | 1Blld | 0.457 | —0.785 | —15.05 © 


fatty the rate of flow is given by 


Oty 


Q = 2nrUhB, $5. From equations (15), (16) and (19) we have 


iia Q 1 ;dh 4), 
6 (@)+Vg:/4-1, “lan 7 \ dr r 
Tee ris! ’ ; : 


Deis) ak Sy, Since « and @ are functions of g,, there is a func- 
e perocity distribution when a definite value 


- 


tional relation between «8 and g,«*/8. This is 
shown in Fig. 4. With the aid of this relation, the — 
right-hand side of (21) can be connected with the 


: $s igned for t the invariant 9 In other words, 


h being g.- Some of the curves are shown 


right-hand side of (22); thus giving a  fonstigall 

relation between 7, h and dh/dr. This is. 

differential equation for h.. Ry 
The solution of the differential equation 


3 2s, | 9 = 980 m/s ie Pecan pple 
those already given in Fig. 2, but the following 
erences should be noticed. Firstly, some of the 
isoclines. cross each other, so that dh/dr is not a 


the non-linear relation between a2 and g,a?/B. 
deed, if we assume a°6 = A+Bg,2"/8, the dif- 

erential equation reduces to the form as (11).) 
hysically, however, no ambiguity arises as to 


‘ness is limited by the “ separation line’’ (g, = 4), 


This is due 
to the fact that the value of g2%7/B cannot decrease 


no isocline with infinite upward slope. 


‘beyond a certain limit. On the other hand, g.%/B 
may increase indefinitely, So that we have an iso- 
a ‘line with ‘infinite downward slope (g. = 12), just 
ee the same as in Fig. 2 

g _ The ifitegral curve, when started from the 


= the separation line is reached. It is only up 
to this point that the present analysis describes 
the state of affairs with good approximation. After 
_ the separation occurs, the assumption underlying 
Pine analysis ean no longer be retained, but the 


results of analysis may still be used to obtain a 
rough estimate of the state at such a large radius 
at the flow has already got over the standing 
rtex and consequently the back flow has disap- 


ared. ‘Since the value of h in this region is large 


he second singularity would arise, as supposed by 


gle-valued function of r and h. This is due to- 


rhich branch of the curve is to be followed. 
Secondly, the region of flow of increasing thick- : 


point r=0, h=0, “eontinues to increase the slope 


¥ ae with, infinite deuce slope is reached, 


7. 


eyond which no isocline exists ; therefore there is — 


“Prof. Kurihara. 
_ however, since the slope of the isocline is steeper 
_ than that prescribed to it provided h is sufficiently 
large. 


- em in the case of Fig. 5.) 


- obtained by assuming h = 0 when r= 0. 


_ culated radius exceeds the observed one by abo 


Such is not always the case, 


(This holds when h>0.15 em for r= 20— -40 


§ 6. An experiment was performed by ine ’ 
a vertical jet of water to impinge on a horizontal 
The rate of flow Q 


was varied and the radius 7, at which the Separa- 


glass plate of 35cm square. 


tion occurs was observed. The temperature of 
water was 16°C. The results are given in Fig. 6, 3 
together with the calculated values, which: are é. 


Calculated 


Measured 


0 10,2.) 205. 80). Ga aaa 
Q cmi/s f 
Fig. 6. 


(This 
initial condition seems to be justified because, the 


diameter of jet was less than.0.3em.) The 


40 per cent: It is not certain why such a discre- 


paney arises ; it may partly be due to. the differen ‘a 3 


in circumstances at large radius between theo 


and experiment. tM 
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Fé, %, G,) = 0 


whose form is the same as the true curve, but ! 
having different parameter values. It is assumet 
that if the errors of observation were negligible 
the observed coordinates X and Y would satiny | 


t ith t tric values 
one state we measure the quantity & several ~ ne Cea Cas seat h, ae 


im 


and 1 let the mean of these measurements be Actually, however, the ooserved points do not lie 


; the an aime state we meastre the correspond- on either the true curve or the calculated curve 
ni owing to errors of observation. This problem was 


meee ” several oo and let the mean of 
treated by several authors, |?) especially by Dr. Ww. : 
E. Deming, who developed for the first time a 
method for adjusting the observations for the } 
circumstance in which both the x and y coordinates 
are subject to error. But I found that his idea of 
_ introducing the residuals at the outset, which are 
equal to. 


Observed ree Ae values, 
\ 


is a serious obstacle to a satisfactory development } 
of the theory. SoI ventured to bss some ‘modifies 
tions in the following. \ m 
The srgepe are of # and 7; are suppos 
statistically independent and the observed val 
are supposed to be random variables distribu ¢ 
about the respective true values according to the 
normal law. Accordingly the means also distribu 


according to the normal law © + 


te exp [~ oe 4) an. ids > 


ae universe, do not lie on the true curve. ‘ uf ye-20? q 
sal problem is to estimate from these data __ AW 2rey Sal 2ayi* oF, oa 


the t . 
aba Pele ce ee Ute Anl 98 Che ene pers $i), Mi satisfying the N conditions 


. FO, au) = 0, (=, 2 aan he 
Here ~ 


". B(X)=&, Rn) =" if 


Fe PAR tae yl dyc SAP ily = 10) ry 


ies where Y= PES, 2,045), 


S qa = oe Ocis Wy! A\ayt/oye? : 
Ane SR Sia JI. a Ve vleye F9 =0F (1 yloe,, Fy =0F (7)/0n2, 
which ¢,° and a,? are arbitrary proportional , Fy =0F( 7)/Parn! ‘ = 


ors having respectively the meaning that 
par Pe ee tie ee Che and Sy means summation with Pesuett to the inde: 


62 = the variance of X-measurement #=1,2,....,K, while Si means summation wit 

of unit weight, respect to the index ¢=1,2,....,N in the follow- 
idg. According to our RH the gi Mi \ dp 
are constants, so that all the coefficients (17) ar 
also constants. In practice we may , take “the 
actual observed ‘values Xi, Y,, for oe as 


_. 6y = the variance of Y-measurement 


of unit weight. 


‘general the quantities € and 7 are of different 
ysical dimensions so that we have no theoretical 
‘ounds for comparing both variance of unit 
eight. But practically there must be balancing 
in precision between both measurements. This as approximate values to ,, 7; (which ar 
oint seems to be overlooked by many authors of stants), . 
east squares. By some principle we suppose that 
he balancing factor 8 (which is in general of same ; 
physical dimension) could be determined,) such that _ Va= X; = Sis Ve = Ye 
- Teele ye Then 


at 7 


vy a, = B, ~ 9 (10) X;—é; ae Va Ae Voor Via nite (19) ; 


i Re ae cot Dees nee = i 2 
Br 9 eae Cee mmRe my) We nave and the following relations hold. 


\ 


p BV) S i Axi, eK Vy) = cas en kes Fa AV 
_ We write for simplicity ia uaa vee 
A! (Vi) = F(X), 0? °(Vy) = = 0*(Y,). Tae. 2 


Weil = 8/022, Wy! = Bo*/oyi2. (11) 


Wri! =Wri wy! 1B = ee, a ch) ey 
Hence the weights of Vix, Vy: are also w iy 

respectively. The: simultaneous ‘probabili 

tribution for ae. Vyz is now = 


“then in © ‘we can write 


a, 


“Vert = wWrld?, Voy? = wy. (18) 


‘4 
aves {35 
dV ee -AVzN AV yy. eee 


Seen ” _where the N conditions (16) hold and. 7. 
exp a [Sloss (me — 6)? 


Sti iGo Vv Wry. yl 2a). 


Be yoy? I pene ASH a § 2. Problem of Estimation. 
at for tthe poparility of mathematical Mer ctoaent 
problem must be linearized. For that purpose according to the principle of maximum ia 
introduce some approximate values (£;°, 7:°) for which says that they are the values’ which max- ig 
e true values (€;, 7,) and some approximate values mizes the liklihood under the N conditions (1 
e: 


for the true parametric values a, and denote _By the introduction of the Lagrange’s multiplier 


k; the problem becomes 


(c/a*¥) exp {(— 1/26*) [Swe (Var 4 5) 


: 3 b 0 r 04. . iy 
n the N eeuditions (7) can be linearixed neglect s +Wys(Vyi—4yil + Dh (Pi +P 4+ Pye ve 
sme mane: of higher o orders end the result is '. +SFy24,) = stationary. 


_ wh 


me: differentiations give 
Vu = Vat AF ea Was , 
: Vor = Vit Ah ye /wys» (25) 


SMF yi = 0, (26) 


os Ecce F’ 
Wei 


Fyi Fy? 
oS Magee 5 


hein we get 4; by (80), 4e:, Ay: by (24), (25) 

und do? by (28) successively. . 
low from the equations (30) and (26) we see 
Ai and 4, are linear functions of Vai Vys'» 
therefore from (24), (25) 4.;,4y: are also linear 
: functions ¢ of V.:,Vy;. Accordingly the variables 
a » 4a Ac, 4ys all distribute according to the 


al law. As for the expected values we have 
EQ) = 0, E(4y)=4y. . % (84) 


Because, by dint of (20) we have from (30), (26) 


ee. by the barred letters, the respective " 


x Fy EQ) = = i 


peared in (34) are its only solution. Thus v we 
the relations (34). Accoadingly by (24), (25) ; 
have also 2 


E(4ei) = 4a; E(4ys) = dy 


As for the variances, since 


22 (Vie) = 02 (Xi) = F/Wee 


a (Vyi) = = a (Yi) = =o ates 


we see that the variances of 4s, 4p, 4zs, Sys are all 


proportional to o*. 


§3. Use of 2N-dimensional ‘Vector 
Space. 


Now for the sake of obtaining ening dis- 


tributions we simplify the notation by introducing | 


the 2N-dimensional vector spece which is spred by 
the following 2N normalized orthogonal vectors 


i, = (1,0,0,.. Oh osers 


iar (0, 0, 0, canna Ds 
We write 
(x= DV wai dec c+} DV Wy Voricny, 
m= DV Wa deci + DY Wye dys teeny 
m= SV wn 4+ V wy: Ayitizn, 
= x—m'= a EY wai (Xs—&) ts a & 
5 +33 Vay Ye—tiioeay = 
v=x—m= DW tei (Xi—E i Bs Ma hy 
FBV ton hic tdicea 
Jw = m—m = SV pay ae SN i; 
aay FEV a dea 
By (20) we have 


BG) = =m, ted E(e)=0 
and } , 


airs aie) = =a 


S can. ‘be written as. 


oy ; SF (eam Vs 


4 


me 


a ai a 


gus qv= mike 


Therefore when det (®.1) +0, det (qu: aye on too 
thus the vectors q are a set of linearly a 


Lufty G1 ON Eye 
; | 


fe= Fi = Big. ‘ ~ (44) Next from (51) using the expression Kea) fee 


oe i we have 


n another set. of constant vectors r; by 


Aid = qi-e, aa 
lace ee Os =) i . é 
Seg Ero! ON) 8) 


where we put | 


"= —[t+S (Ful ¥ L; nee 
hich are aaily? seen to be orthogonal to all f; and 


m themselves a set of orthogonal normalized The vectors qo, Satisfy 


rectors. Therefore our 2N-dimensional space can 9°95 = 353—Sz, Y Puy Fut Pl VL, L;, Mis 


a so be spread by the system of 2N orthogonal 


n ormalized vectors f;;r;, which satisfy pie and 
re ve 


Za = N- 4.6. 


Ti Fy =0. 


reer = Bus, ae f= — 0. , ~ (46) 


y ' From the last relations we sée that the N veci 
‘ Further 1 we put 


ab gi which also belong to the subspace Ry are 
4y~4y = Gy. — m=, (48) linearly independent. Now by using the. well-k 
; V—Ex Ag =A,!. Schmidt’s method of orthogonalization we 


‘introduce IN mutually orthogonal oe 


A ¥ 4 Ik foll vectors tne 
0 ED aes, = 
ye ee = very simp y as lollows: oe ge le ta Vig Bae 
eae = ad Fi, fo 24), (25)) (49 y eee ag 
ae) 43 Pa ( ? ¢ M @) which are all orthogonal to the vectors g:, 
Sar F, wi?/ VIi= = 0, og (26)) (50); that by the N vectors g, and p< the subspa 


A+Fe 24S Ful es/Y Ls = 0. (for (30), (16)) (61) 
a? = VON, 2 NBR) 


Wwe ots Fue VE;= = 0, (for (27), (16)) (58) and Ry-x both belong’ to Ry mae are aiere 
orthogonal. The whole 2N-space are now spe 
by the set of 2N vectors. : 


‘s Dyy ey = — SF .o/V Li) Fite, (for (82)) (4) 


» Wy Pos Tie 
: ere 


‘They satisfy the relations ~ 
ae x zo the matrix (Ou), so that tee are the gies dy = ny, ee p: = 0, 


yaa . : : ¢ . ‘ Ps*Po = 9x05 quits = 0. 
SA Dur Prv = Ouv- (5) 
rey = Og, Pati = 0. 
hen the solved erin for ee acyns ep of Apa 


can be written as aoe: § 4. ) Sampling Distributions. 
e ep = gure, Panes (56) Now by (39) we have 
we ee Y * Seep (63) 
qn = Py (uv Fl VL Tone - (61) and by (49) oe 


etors ae satisfy 2v = —S)A,' f,. ‘ (69) 


\ 


» (58) The vectors W and V are orthogonal, because 


ais 


(70) . “ 
e= = ey oa Vi rt Ste P 

where 

(71) W=Siqqtt Brine Hit We, 


roe | : | ~ V=Su Pes ety t 
th orthogonal property of the vectors f;,'we 


When we use the ens ah Ds we get 


¢ t 
V2 = 1A. 


gue r gbHe re ae 


E (XN?) = = Sz (as y= DE a: e}? 
“= DUS au! E(ex), (by (40)) 
\ 
= D920", (by 41) 
=(N—Kjot. * *’ (73) 
=) Vis ; 
m= N—K. Hence A ; j 
: e= Se, qt +S: rit+S ux Px» 
ector V which belongs to the space Ry Citas ; ; f 
gonal to all gu, because . - where uv; and uw; are given by (82) and (83). int 
oo oo v= Sem Da! FelV Es a. Sine  W-V=0 and W;- W.=0, we have | 
(= 0. (by (68), (50) + (75) PS WE WELVS, 
: ‘the vector V belongs to the space {pe F, 
the vectors p;. Accordingly, since W WY, =SOyener, 
+ S\u2 ! 
v= Sud = 2No’*. 


ver 


The simultaneous probability distributions (0) mon 
takes the form 
(76) oy 
pe (2n)-¥ 0-8 exp es We 2/202). exp Wel) 
2 ‘ Ai ad Bois '-exp (—2N6/20" aes dey ay 
” “qv = Ou, gu*-p: = 0, qu*¥-ri=0, (77) a ig f- 
‘to which we make a transformation of coordi n 


and the relations (67 ‘ 
Bs 4 ( ): from (62; 5% sees + €yx) to (€5 Ve, Wes) ty ee 


' 
ore. aut are determined abvlonsty by ‘the 


On = qe . Bh, een en 
3 q., only, so that we may put r a ; \ 2f7 
a : 5 Y= Tee, ¢ Pe AA N, 
q.* = Stuvqu.. f 

ns : ; Ur = Pre, tal... NOK= ms 4 
by the rst relation we have Then ay 


Sous PP. = Buy : ‘ J= Crexp {— 5 2S 0. en ey} de... " 
¥ . nat ‘ ‘ 
N \- ngs , 


. ._exp{— a agit} 


= SO'oun 
| Vp BNR 
gr g* = Muy. Ok Tape -exp{— ag yt 


f 


ers Ptodal a K-dimensional normal universe, hav 


ie the mean, Tg ON eee Ss 
1e su Space Be of Gu, Reeth we 


& (@,) = = hh» 
integration over the spherical 


and the variance matrix 


5 Dues = 2No! FA C0) tet a es Hing oath 


radius V2N ON o,in order to ae the sampling therefore 


ribution for o?. 


A: Puy, = variance of d@,, 


Thus finally we have as the required form of #0, jt) = co-variance 6f a and a. 


ribution ; 


noticed, oaly wit the tells ding Vinee site 


ve “il ee f(e) de, (91) 


Fy | wei Rea! ral Wane eae 


rhe Sp ee ; Willa Wy coe V Lis Wei” re 
A oa. yee 

) G, eis? ax) day... -daix ey as nt _ As for the estimated variance 0’, “when w 
vo ak V 2n)K WV A)exp(—Q/2)da,....dax, (92) . 


dome 4 


Az ONG "ot 1 = Ne Ky 
es Sz, 4 On» (a) (a ai 


f (v:) dv; = = (VE dat Suhe _vd2e") dvs5 (94) e_ of onan n. 


| 
‘ 


2 — 2 (ne) aN 29g2) 
a ae eae ce De | References. 
us conan G) eee (95) Reals) M. as Applications of r Mather 
\ rhs : Coos Statistics, Kagaku-Sokki (Scientific i 
The form (ot) shows that the estimated parameters ments, in Japanese), 5 (1945), 33. 
(2) W. E. Deming: Statistical A 
Data, (1943). 
7 i) and the estimated variance a? have ‘mutually (2) W. EB. Deming: Phil. Mag. pis ( 


i independent distributions. The estimated parame- , 17 (1934), 804 ; H 19 (1935), 389. ey . 


en bee Aaa ax), the estimated coordinates- “paar (&,; hh 
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Ys 4 ‘ 
‘Thermodynamical Consideration. 


We mentioned on the motion of junctions 
der relaxation i in the preceding paper and divided 
the shift, the slip and the liberation of them 
w of the relative motion of the joined links 
beration i is not considered for the present) a), 


shift: no relative motion of them is done 


/ bey move as one body; in the slip, to the 
they once. become disjoined’ and again » 
‘where either of the rejoined chains may 


rent from the ‘one previously joined. Both ~ 


f motion, are rate processes which have their 


% of activation and they tend to increase 


e slip of junctions does), the configuration 
Re the network Pea network is 


.¢ fee 
brac et varies from model to model. Except in 


-ot the Soda pai saa 18 out of RaeaarC aie: 


compu ing the relaxing ene The last constant 
no onger concerns to the structure of the network. 


“most probable posta are given by 


following. 


When the junctions shift, their positions r;, in 


keen displace with Ny unchanged and their i 


AS/0a, = 0S/ay, = aS/dz; = 0 


When slip occurs, the number of links in each 


segment may vary as well as the positions of 
One obtains the most Brebales state | 
from Eqs. (1.3), and the following ones » ‘ 


junctions. 


, 


TRON es =0 (dd. 4) 


where the “total sees of links in ‘the network 
is held Soaenee. that is, 


oH Nev = const. (1.5) 


(1.3) 


If only secondary cross-bonds. are slippable, 


one may define a “‘ 
a chain, the both ends of which terminate at the 
primary cross-links or fixed ‘points and the condi- 
tion that the number of links in each grand seg- 


grand segment’’ as a part of 


ment should be held constant must be used in 


place of Eq (1.5). The slip is accompanied with 
the shift and it is clear. that through the slippage | 


more stable state (of larger entropy) is otal | 


- than the case when shift alone is allowed. 


The above consideration concerns the final stat 
of relaxation, not the process of relaxation ; 
which will be discussed thermodynamically in the 


As one assumes ‘that, wwhtles the shift 0 or, { 
slip of junctions is in progress, the viscous seg- 


ment motion be held in equilibrium, the relaxing na 
“3 stress would be related to the relaxing onto Ee 


a,(e, t, T) = —T[AS,(e, t, T)/de}, nes 


where « is the strain and the relaxing en 
defined as 


a 


a i et is 


S( ete, LP 


S(€,00) 
+— 


q ~ {1/E(0)} -(80,/0t)e-+A sinh (Bo,) - ee 


where “fe | es ae 
© A =2nXRT/h) exp(—4F JKT) 
<<  B=2/2NET 

_- EQ) = o,(e, Oe. ra 


as in Reference bs ‘Solving Eq. (1.8), one obtains © 


the relaxing stress 


ry Bibs = = one, = = (2/B) arétenh 1D exp,(— —t/t)]- 
(1. 10) 


ow ae = tanh [(B/2 EXO. f 
anh [(B/2)2(0)¢] } aan 
Ur = = A: B- - E(0) 
Tt. must be. ited in Eq. (1.8): that the Hooke’s 
vis assumed which holds approximately only for 
mall | deformation. 
From Eqs. (1.6), (1.8) and (1.10) 
i ‘S,/at Oe =. 


Integrate Eq. (1.12) with. Bete to, «, and 


ates = caIBTy {0/50 {cosh B- -E(t)e]—1} 
(1, 18) 


\ 


AN The integration of Eq. (1.13) with respect to 


t is carried out elementarily and the relaxing ent-— , 


me | on 


nd the notations used in Eqs. au 9) are Pike same 


of the ae junctions. 


at first the fixed points are displaced, then ; 


Says 


{A-E(0)/T}sinh [B- E(t)e] | (1.12) ; 
_had been distributed among total junctions through- s 


ropy is obtained ; ; 


: : ' REM)ED “ee 
S,(e, t)—S,€, 0) = (e/BT) (tanh 6/6)dé (1.14) 


BE\t)e /2 


where the instantaneous relaxing entropy is given _ 


Se, 0) = 


—{E(0)/2T}e". 


This is the stress relaxation considered from 


me: 15) ; 


the ikerined pansies point of view. 


PAI New Baustiok of Stress ¥ 
ation. 


We shall state the folowing consideration 


change in’ ire ee 


Each junction has its. neighbouring inet 


dinjance)s if the | pestiene of neighbouring ju 


This fact means er 
junction may shift in average only when at 


one of the neighbours do shift in average. 


junctions neighbouring: to ce shift anc 


A. Tobolsky and H. Eyring asus in the” a ae ; 
deduction of their equation that the relaxing stress _ aa 


out the relaxation process), but this is not the — 
case. In their notations, N and n denote the . ; 
numbers of junctions, respectively per unit cross. 
section area perpendicular to the stress and per 
unit length parallel to it. They must be, in reality, 


/ : » x: +0 PS 
. < 


‘is convenient to us to- take the above unit 


s-section area and the unit length in the natural | 
\deformed) state and therefore to measure the 
ess for initial cross-section.. If junctions are 
ributed in average isotropically in the natural 


the enppy would hold in average in the 


O be noted that this is counted in average) 


oy i: = POF \ 


n= v(t) 


A=v()2 *) 
B= aIDOF ie 


Vo 


. (2.4) 


function v(t) would be Sutercatied by the 


g ‘equation. Let one assume that, on the 


> fv effective junetion introduces dacsk unit © 


ones, wich. is proportional to the bale of 
nee effective one ; 


a (1/v\(dv5/dt) = Spy (2.5) 


, dv/dt = (2.5) 


prey = wecsihaa ati 
Integrate Eq. (2.5/), eh 


Y(t) = Yeo~(p/E)a 
ls 


- Eyring’s equation for »= Veo) 


(2.6). : 


eR ‘4 Dae Peas 


¥ 


Te is difficult to ‘solve ‘Eq. (7) analytic 
one ‘assumes that hy 


twine (p)Eye € Yeo, 


j ie tet ; 
(this is ordinarily the case as the result of experi- 
ment), then Hq. (2°7) may be expanded as © 


(1/E)- -(do/dt)+ %&oo Sinh (Ba/v0*) 


+-2(p| E)a[2(Ba|¥=c?) cosh (Bo /¥=<*) —sinh (86 vex ‘= a | 


{ 
Let one put 


Bay vo0* €l1 ) i 


2.11) 
Be ke 5! e 


where ¢.. satisfies the gape eauation (Potots , y 


- Q/E): (dezo/dt)+2v 0 sinh (Bo¥s34) = = @. a 2) 


Hepiees o in the third yf of Eq. (2. 9) (wich f 
a relatively small correction, term) with eos 
the ae for 9 is. obtained 


4 


‘ 


_ reduced. stress 


sos ss> 
mi WR ADHD 


0.1 


S 
— 


a4 5 06 Q? 08.09 10 Ll. 
‘1 tht — 


Fig. 2. ox Ae y as functions of ifr. ites he 
! are taken to D = 1.00, pr ¥ 


ape we, 


ae AS BE 
=O A ES | 


for brevity ( 


SSESEEaene Basan, ECT 1 uv ee Bo c0/ Veo! ; 
} {Fatt ft iP 
fe 5 CRS a PD Me eg SS ame eed y= Bo; Poe ( (2.1 4) 


a4 Gs et 2 A er wae 
: Pence iat nhs dal like tie ke aaa ey 


iGHRENGERHADE chen’ the Olevia of Eq. (2. 13) is written as. See Bo 


‘9 “Gi 02 03 04 OS Ob a7 OF 09 10 I 12:13 14 15 Tee het (enh aoa] 
Coy ee . 
: 
‘ Fig. 3a. ; - and one rewrites the solution (1.10) of Bq. 
=—49.5°C, t = 0.785 sec, s*(0) = 2.09, Rip a it 
Bots = 0.082 pie eee) arctanh[D exp(—t/t)] 


§ 3. Comparison with Experiment. “fi 


; Ra ne sind 
As mentioned in Reference 1, the rel 


stress, Snipe rally observed with vul 


natural rubber at feirlyy ak temperature; d 


LK 


; Fig. 3b. 
b. Ts _46.0°C, t = 0.56sec, o*(0) = 1. 90, ona) We shall compare this deviation wi h te 
a ptas Os 026 . 


Examples of this) comparison are show a 
‘Fig. 3. Rae 

The coincidence of the calculated trans 

stress with observed one would verify that this 

the deviation due to the variation in the number 


iN ay 02 05 td OS 06 OF OF 09 10 Li 12.13 14 15 Fig. 3. Comparison of the observed /transient 

t/t stress Yors with the calculated one Ycal. ~Com- 
; Fig. iGst position of samples: was listed in Table I in © 
! Pa Sai 5°C, + = 0.64 sec, oX0)'= 2.67, Reference “1, o*(0) is measured with an arbi- 
trary unit.() 


7 ee 2 038 


effective ; eoktigae or, in éther words, due to 


fs the concentration of the relaxing stress and that 


time dependence is expressed fairly well with 


ow pt« is written 


pt = riparia 
| 


we 


4, according to our experiment, it et gee toh to 


igs Tiquid molecules do. The only difference between 
is that the former are cross-linked three- 
sionally bith the primary or other relatively 


ng junctures. 
r state os seperially, of Recondany. nature — 


On t 


_ From the énergies of, vaporization of their 
ames: the motional unit of them x mpight be 


sel. atoms. 


1 our experiment the obtained energies of 


yation of variously vulcanized rubber are from 


cal/mol to 16.5 keal/mol,() and therefore the 

pies of vaporization of their motional unit 

1 be 61 to 66 kcal/mol. The energy of vapori- 
of isoprene (monomer) is 5.4 kcal/mol (at 

3 he _ boing point, that is at 38°C)*, and the 
ys 2 eae 


The slip of junctions in the 


_ which are nearly twice the number of atom 


of the motional unit in the viscous flow of liq 
This result suggests a different type of moti 
of junctions from the one similar to the visco 


flow of liquid and it is favourable to the shif 


juctions, because it is evident that in the shi 
twice as large as in 


- 


the motional unit of them is 
the slip. eer 
Now, in our experiment, the energy of activa 
tion is nearly twice as that of viscous flow ¢ 
polyester and other long-chain hydrocarbon liquids | 
and this also agrees with the fact that’in the shift | 
about two-fold hole would be required as in the: 
slip. . . 2 
From the above reasoning it. is probable that | 
the stress relaxation of rubber-like materials in | 
low temperature or during short period of obser- 
vation) is to be assigned to the shift of junctions. 


§5. Conclusion. 

The observed stress relaxation in our experi - 
ment (that is observed at low tatnnerstares or dur- , 
ing short periods of observation) would be probabl. 7 
due to the shift of junctions’ rather than to the — 
slip of them ; the wide-range spectrum of relaxatior } 
time, however, would be necessary for its final } 
decision. y . é fg 

A new equation 2. 7) of stress relaxation which 
takes the transient concentration of relaxing stre 
into account agrees Agitly well with the observa y 
tion. ave a 

‘The Author “expresses his sincere thanks 
Prof. T. Sakai, Assist Prof. R. Kubo, to Dr 
Oka, Mr. A. Ookawa for their good theor 


* The heat of vaporization af isoprene and © 

of isoprene residue would be nearly equal ; 
refered value is the heat of the former. in 
isoprene: CH, = C(CH,)—CH = CH; 
isoprene residue: —CH,—C(CH,) = CH—CH,- 
This is suggested, for instance, : by the ; 

that the heats of vaporization of isoprene an 
normal pentane are respectively 6.27 keal/m: .. 


. 6.22 keal/mol at 25°C, and whether there. 


_ as side-group or me skeleton affect little. th 


of vaporization, (te 
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Re Cs \ 


made by Sheppard and Fowler. 


| 1 ; Introduction. 


4 A calculation on the multiple scattering of 
“electrons, based on the assumption that the elec- 
on are diffracted by. minute st Naat in the scat- 


tering projected on a aS cbntainihg the initial 


ne ection of the pieer ene has been assumed to 


1 here Wis the total energy of the electrons. The 


le of om, the arithmetic mean angle of the dis- . 


r ution was found to’ be smaller than in the case 
‘the theory of Williams or of Goudsmit and 
ns scattered by the neighbouring atoms is not 


idered in either of these theories. | 


a Now at the ‘Institute of Science and Tech- 
lov, Universttie 


(2 HLM. James: J. Chem. Phys. 15 (1947), 651. (1939), 116; Grasstone, Laidler & Eyring: | 
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Abstract. 


A cloud chamber ‘measurement was made of the. scattoring of electrons - -of ) 
kinetic energy between 1. 5 and 5.8 Mev. by a lead foil of thickness 0.115mm, The _ 
result was in an approximate agreement with the result of a similar measurement _ 
This result as well as the results by various other 

authors were compared with the theory of williams and also with the theory given 
_ in the previous. papee It is shown that the latter is, generally, i in a better agreement. 


_be compared with the theories. 


_ ments using lead foils as scatterers, the : 


‘that predicted by the theories. 


underson, ® The interference between the ele- 


There are several ‘experimental results. 


In the exper: 


perimental scattering was generally, smaller 
When light | 


rials, such as aluminium or carbon, are’ _ased 


results between various espe Beceae 


§ Description of the: Experiinenea 


A large number of ‘cloud chamber pictures, wi ae 
obtained in the gamma ray measurement on SR 
nde were examined. Numerous secondary ele- : 


etrons: of the monochromatic gamma rays of 6 oe 


** The pictures were taken, in collaboration — re 
with Mitio Hatoyama and ZiroYuhara, atthe Inst- 
itute of Physical and Chemical Research, in Tokyo. 


only the projected Jae of deflection vas. meas 
eae chamber. Kinecie energy of the ele- There is a small energy loss of the. ele 
s ranged from 1.5 to 5.8 Mev. in traversing the foil. Therefore} the arith 
s the electrons entered the lead foil at va- 
ngles of incidence, only those electrons leaving the foil has been taken as da energ 
the electrons. In some cases, the energy i: 
measured with certainty, only after leaving 
Siieasurod: in tender to secure nearly ie: fell. TA such a case, an approximate loss of en 
in the foil has been estimated and half of its ve 
has been added to the energy to get an apyroney 
mean energy of the electron., 
. energy of the electrons. Only the ‘electrons 
ng a track length of more than 6cm in the ‘ § 3) 


Rend t of the Measurement. 
minated region, on the emergent side, and more : 


237 electron tracks were measured, The resi 
is shown in Table I, together with other experi 
; 


Table. \I. 
Scattering by lead. . 


, Chao,, . Bs 
ae z ___ | Kulchitsky 
En did) Present | Sheppard | | and 


Sheppard | Sheppard 
and 
Latyshev 


and 


Pg es Fowler Caan 


' ~ cloud : | cloud ~ eloud cloud | G-M , G-M ; 
' chamber chamber® | chamber | chamber counters | counters — 


" Electrons Ms E 
rom. BY ee 
2.0—6 3 Mean eungy| Balt . 

| 6 2Meq. ; 


0.0115 0.0103 | 0.00070 


wife ee. Pk  64- 14.6 — 
Williams | - ; ' 160 ir IO 14.8** | 
Present ~ 148 . Lis . . 61 + 12.00 


-deg.) Theory 
4 Tnetuaea single scattering tail. 


** Calculated from the expression given by Sheppard and Fowler, “ 


Table. IL: 
Scattering by aluminium © 


_ Authors. . é Sheppard and Fowler Kulchitsky and Latyshev 


Method cloud chamber G-M counters — 


2.96 
0.0099 


= Experiment 

_ Wax (Mev-deg.) Williams 

rx Theory} 5 
Present 


* Calculated from the ‘expression given by Shappard and Fowler (#) vee 


-* than that predicted by the ae of Wil- 
jams. ‘The theory of Coudsmit and Saunderson 


Tonly slightly improve this point, as was pointed 


ut by them and also shown in the provious paper. 


: he theory given in the previous paper predicts: a 


allest scattering and agrees best with the. ex- 
eriments, but still is not very satisfactory. 


‘am 
a 


ory of Williams is already ina fairly good agree- 


‘Sheppard and Fowler (Table II), but our caleula- 


3 


ion snows & still better agreement. 


a be pcnments using Geiger-Miiller counters seem | 


to give slightly different results. Sheppard ) used 


a4 set of Geiger-Miuller ‘coincidence counters and 


instead of measuring the distribution of the scat- 
tering from : a single scatterer, compared the scat- 

ering by” a lead foil with the seattering by a car- 
‘on plate, In this way, the ratio of ay for lead 
“and carbon scatterers was found, experimentally, 
to: be 0.7, whereas the theory of Williams predi- 
ted the value of 0,8, 


He, therefore, concluded 


s carbon is supposed to agree with the theory of 
Williams, the scattering by lead also agrees roug- 


_ qaacy of using cloud chambers in this kind of work, 


‘In the case of scattering by aluminiam, the 


ent with the colud chamber measurement of . with the experimental salts of varions aut 


(2) E. J. Williams :. 


hat, since the scattering by a light material such 


hly with the same theory, and doubted the ade--~ 


Tf, now, the scattering by carbon was assumed to _ a 


agree exactly with the theory of Williams, the ie 
experimental ratio of 0. 7 requires 64 Mev degrees 
as the value of Way for lead (Table II), The 


theoretical values of the same quantity are, res- 


pectively, 75 Mev -degrees and 61, Mev. -degree 
A much better agreement is obtained with our 


calculation, The Seperiment: made by Kulchitsky 


and d Latyshev! ) which also uses two Galeer mies 


cd 


than is required by. experiments. 
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_ Introduction. 


ee vacuum gegeeree of water vapour ea, 


che H atom. Thus Chedbeed OH is in the 
| state *S!+ and makes transition to the 


I e OH bands thus excited exhibit “« abnormal 
wh 8, “intensity distribution among lines 


cs has a strong: maximum about the 


i ) between them appears to be nearly 3 to 


pe distribution. The D,0 molecule 


two different instal excited dates which 
ociate into H (1s) and OH (?5}*) under considera- 
and. _one of them gives normally Fotating 


’ 


The former corresponds to the representation 
ot the point group C,y (we-call this 1A,*) an 
a singlet one which may be excited by both 
direct and exchange collisions of electrons, and tl 
latter is a triplet one of B, type (indicated by *By 
excited. only by exchange collisions. By takir 


account of interactions between states of ps n 


types (say, A, and B,) which arise from deforms : 


_ tion of the H,O triangle into sealene one at d s 


sociation it turns out that in both states H atom) 


fiies apart in the transverse direction. But as the 
dissociation energy is not sufficient to excite abno of 
mal rotation in 'A,*, it may take place only-in sB. q 
These results may not be eonsider st as con 


clusive because of approximate nature of our the ca’ 


culations. And there is another qualitative expland a- 


‘tion ealled “ paired electron theory # (a whieh: as 


state and the ce to a triplet se and bot 


O atom into the 3s orbit. Therefore, according té 
this theory abnormal rotation does occur only b 


_ direct collisions. In order to decide between tw 


‘states arise from transition of a 2p electron of the ; 


theories it’ may be useful to work with the incident ; 


-’ electron of specified energy, for at high | ener 


one exchange collision will take place so sea 


that intensities of rotational lines (either norm 


or abnormal) in bands should be influenced greatly 
Recent observation by Horie‘) seems to Supp ort 


~ 


our interpretation. 
In the following, we will estimate probabil 


‘for! excitation of above both states (i. e. excita’ 


functions) by collisions of | fast slnoges act 
ing to our theory. : " 


§ Pts Excited States of HO. 


<r e  ee 


rnin neintits 
pe er, 


O : (pe. (2p 4x) (2p 4) 

; H: (1s) H’ : (1s), 

n which by spin pairs 2p ¢, couples with the elect- 
on H: (1s) and 2poy, with H’: (1s), respectively. 


“8 ander consideration | 


0 : ps.) (2p9,)*, oF pe.) @pay 
-H: (1s) '° H’: (as), 3 


approximately. Thus, 2pc, in the ground state 


_ makes transition - into 2pe, (or vice versa. 2p ox 


. pato 2p dy) which loses any ability to combine with 


-: (1s) and repels H atom to make dissociation. 


From this electronic configuration arise two mole- 


cular states of 3BY* and 1A,* , and relative orienta- 


Ke 


tion « of spins between H: (1s) and: H/ ; (1s) is paral- 
Ty 


lel in the former. and antiparallel in the latter. 


3B is excited Sate by exchange collision of inci- | 


dent electron. Level of *B,* is rather higher than’ 
1A,* merely on account of interaction between two 


-H atoms, and if we neglect it both are estimated to 


Calculation of Excitation Func- 
- Then we will calculate excitation functions for 


the processes under’ consideration, assuming the 


ca 


Franck-Condon principle as mentioned before. For 
ye assume the paired orbital function such as 

: a P ors . : 

» Yoz (1) Pox (2) 7-5 {ox (3) dx (4) + $x (8) Yor (4)} 


* 


: > Yor, oy and Vox are atomic orbitals for 2p 


. ‘and: be for H:: (1s) and HY :(1s). 
S; parenthesis represent spatial coordinates, and the 
closed shells of 1s and 2s of O atom are omitted. 


Wer = Goo (1) bas As {on 8) Por (4) + oy(3) Parl 


in according to our theory, for excited states. 


he’ electronic. wave function of the ground state. 


3s {ay(5)bx(6) + 175) oy(16)}- 


2p dy and 2p 0. electrons: respectively, and ¢z 


The figures 


We multiply this function by spin functions and 


for the molecule. 


For both excited states under consideration = 
(1A,* and 3B,*) the orbital functions ‘are , BPBEOS 
imated to é 


Ae i 


ess ; 
neva biz(5) ee (6). 


scattered electrons by ¢ and %, respectively. 
Sere cross sections Q(6) for the pee es 


perturbation. For 1A,* we get 


ca k/ 


@ Or FA Vat (1) * (2) V doy (1), D0 d 


+ ‘ bos (1) €* (2) V boy (I) %@)deidey 


Os 


— 5 doo (1) @) V2) doy(2) dei dee 
| doy (1) o* (2) V (1) doe(2) dey des) 
and for *B,* > : Mean Nap Yeo 


= em A 


- Q(8) = Aq (0 doc (I) o* (2) V%(1) bof Z| 


where 
Le oye angle of scattering, 
Vas ae and r, and r, are vector 
Gre heaton of electrons, Pas 


A: the operation averaging over relative 


orientations of the molegule to the dire ; 

tion of incident electron, ; 
r ki: wave numbers of incident and seat 9 
tered electrons. respectively. A 
Here, all the terms containing nuclear coordinates 
disappear on account of our assumption that atomic 
orbitals are orthogonal with each other. Further, 
the overlap integral between wave functions of | £ ' 


lar orientations is 4/15, 
fs the oe we mdse with the usual ot 96 yy qn 
proximation which is suitable~ for high PET br ‘bt ay? k @ ng (424. K2)8" 
impact and assume ¢ and % to be plane 


function as 
g=exp(ik-r), %= exp(tk’-r), 


Qs = [7 Q*(2)sina aa 
: 0 


‘ 


2 
E.: excitation potential. = ae * { [ae = Key [2-+(k-+ ne , | 
; 
q he third and fourth terms in Q* and each of Q It is seen that Q* varies inversely proportional te | 
k* or the energy of incident electron # at large 
: ‘ value of E£, for k-k/ in the first term becomes, 
on and we ignore them. Then, they become negligible and the second can also be ‘ignored. 
: Putting 4=5/a, and E,=10 eV (experimental 
atau we é Kl as value), we can plot Q* as in the Figure 1. 
Wolk BADE G. Hayakawa) measured relative intensities 
_8 #1 1 Alpe, of band spectra of OH*@S}+ +277) with (0-0) : 
na,® k Ki (1—0) transitions emitted by dissociations of water 
vapour in the triode tube against electronic ener- » 
gies. As intensities are considered to be propor-- 


with our result suitably adjusted at 100 eV. 
agreement may not be said so good but we remark 
that if he worked under the condition of consta f 
space densities of incident electrons, iti is just 


OD yorra3 


tox Lr oe: 
“l_ Rw a oe 
i ® ea? 
8sin Kr 
(Kry 


= 8cos Kr 
Kr 


ain 6 sin 20 ear 


— sin Kr} R?(r) dr. 


r R(r) \ we ahobbe the form of the radial part of 
2 p wave function of O atom such as 
o., aes 
peer u(r) = per (-F7) 


e the parameter 4 is so adjusted to ap- — . 20. 50 190 ; 200 335 Vv 
cimate R(r) to the Hartree 2p function for Q : : 
 N is a normalisation factor equal to 
°, Then we have 


Electron Energy 


= Fige}.* 
In the figure kQs is RCN adjusted 
9672 K 


ie N+ KE sin’ 6 sin 29. 


h observation.* 


- state (14,) and 3B,* is a triplet one, both are for- 


_ The author expresses his sincere thanks to Pro- 
- fessor M. Kotani, ‘Assistant Professor T. Horie, 
ay Mr. M. Ninoniya and Mr. H. Shdgenji for their 
valuable discussions and kind. suggestions in the 
4 course of this work. 


_ tion for research grant. 


cannot ascertain experimental conditions in detail 
_ because of his death of Hayakawa. — 


aig 


Since 1A,* has the same type as the ground 


This work is indebted to the Ministry of Educa- ( a) Gc aereens 


-* This remark owes to M. Watanabe, but we 
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ex The method used by J. E. Mayer in the theory 
of condensation was extended by K. Fuchs, W. G. 


“Facilities will be afforded by this conception 
: especially when the fugacities or the chemical 


ay 


otentials vate some of the components and. the 


Ronants are een feaye fas te is useful in 
some chemical equilibria. 
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oo and J. E. Mayer to the case of a multi-_. 


‘paper we begin with the study of the latter in §1 


We may also . 


/ 


consider a hypothetical system enclosed in a 
of semipermeable membrane so that, the fugac 


outer conditions only. In such a case we can defi: 
a thermodynamic function which corresponds 
the osmotic pressure of a solution and becomes 
the partial pressure in the case of perfect gases. 

As we assume that the chemical potentials of ie 
some of the components are given, some similarity a ; 
exists between the case of such a gasseous mixture - 5 
and a solution in which the chemical potential of 
the solvent is given. Therefore in part I of the ‘ w 


and define thermodynamieally a function which — 


ee * 


n . >be called the relative free enerey of the MEY ee 


iy §2 this function is interpreted statis- 


echanicaly. 


with respect to the kinds of molecules.. 

ucible integrals appear in this stage. The final 
results are tas same as obtained by K. Fuchs. 

The components whose on bigge are Bs tes 


. A hermodynamic Introduction, es 
heory of Solutions. 


t us consider at first a solution containing 


les of solute molecules. The free energy 


wh 
, 


Ni =¢ (Ho , hs ¥, N;). 7 (1) 


ree energy is also a function of »,, 7, V ~ 


the following, as 7 nda #, are assumed to 
stant, we often drop these variables. 
‘Now the pressure of the system P is given, by 


i OF. 
Peon n, Ne (2) 


is a. edhation of T,V,N, and N,, ‘that is, 
ry (7, V,N,, Ni). Substituting (1) into this function 
can express the pressure as a function of V 


d N, (4 and 7’ being constant) 


fee 


he pressure of a solution is the pressure . 


‘the solution minus the Sn of the pure 


nt at the same value of Bas In the following 


- 


Semi- 


nu, (V, Ny 


eh Rr 


_ Per v, OV, ee rv ¢ 
= sand N)). 
Then a function Ftv, N,) will ‘be defined t 


4 
er 


FX(V,N)= nfs Pr, Niyar+-{ ta (Vosm)an, “ 


where #,(V,N;,) is the pemical potential of th 


solute, 


be « aa) T,V,No. 


expressed as a function of 4,, 7, V and N, by (1). 
Let us consider some properties of this fune- 


; tion FT". 


At first we obtain 


Ff 
(or), 


This relation corresponds to the one between free 


—Pt(V, Ni). © 


energy and pressure in a one-component system. 

In order to examine the relation between the — 
derivative OF!/@N, and #,, Eq. (3) will be sub- 
stituted into (4), giving 


Pu(V, Ni) = [ [Pres oC, N,N 


—Fe{e,0(a, 0) Ob) dos i ai(Vaam) dn, | 


in tel Fy denot s 0F/0V at eonstant tT, N, @ 
. N,. Then we get 


(22 “| 


a )s =). AG dct ON + Frx,) det ys (Vo, Ni) @ 


in. which partial derivatives are derived from Fas 
a function of 7’, V, Ny and N, é 

Now differentiating (5) partially with respect 5 | 
to V at eOneteny Hy, We get \ 
. ’ a 


Takeo wea vt+F'y mers Fray + Fugx or” 


é 


On the other hand we get 


Fyyvt+Fxyxyev = 0 
and. , 
Fx,x, +h Bopha avy = = 0% 

iy partially differentiating ty = Fry — co r 
respect to V and N, respectively, al 

and T. We then, sis 


1d the right- -hand pide ‘is equal to the integrand 
of (7), hence 


| (6) and (10) express the meaning of the func- 
on Ft, which might be called the rglative ‘free 


rw, N= = FLY, o(V, Ni), Ny}—e(V, Ni) to 


—F{V, ¢(V, 0), OF+e(V,0)M (1) 


= Na, N,)—PH(V, N,V. (11) 


‘ 


any 


ee Vv) is the result of substituting 


$ 


Fr, V,No: M,)= No Hot Ny s—PV 


ee into (11). It would be quite easy to ascertain the 
"agreement of (11) or (11) and (4) by differentiat- 
E ing partially, for Ft vanishes with N,/V. 


af 


In the preceding paragraphs | ‘we have. con- 


sidered some ther modynamic properties of the func- 
ie . Ft aeanee ky (4). In the OWE setion 


ec tical mechanics, and before doing - -so some 
relations between the potentials of average forces 


is and Ft will be ‘outlined. 


erent point of view, although we are treating the 


ame phenomena’ essentially. - 
i _ For this par poee we shall take the. following 


: * 
: A Fauetion oH) cal be defined by the 
quation patty 


WN; ay v 5 N) wise ! 
— eee le i (12 
eo) 7 xP LT se ( ) 


his function may ‘be Intbrpreted as he “usual 


a molecules. 


; PIV = N, kT evidently, we get from an) and (1 


‘In this case the interactions between a solute mole- 


tributed among the solvent molecules, ares 


Rit was shown “by McMillan and Meyer) that 


_ As ‘we have for an infinitely diluted “soluti 


FV, Ne eV eE 1+log ¢)— _N, kT log 6! 


‘For a Ahi test solution this does not bord. 3 


and the solvent will be influenced by other ‘mole- 
cule cules in the neighborhood. Then the V- fac 
thatappear raised to the gs a in the Ace 1 


aS eg are not pees but instead 


(1), §6). 
* So we consider the potentials of “he ae 


forces between N, solute molecules distributed i S 
. betes 


mical potential 4). Then a igre: a lo 


forces by integrating the distribution function 
respect to th coordinates of the Ny molecule 


integrals Bi, as coefficients: 
Wat, VY, 

Fit=N,kT(—1+loge)—VkTGt, CC 

= SB ict, c= N/V. 


not only the sum of products of functions for 
pairs generally. We shall discuss on this: point 
little more in detail.in the’ next section. ; 

- Using this function Ff’, the. free energy - 
will be expressed as © aa pate 4 


eee + Sa 


and the chemical potential 4, as 


he 


may be obtained by the following dohsidensttons: 

Let us assume that there are two solutions 
of wl The 
Then 


which contains N, solute molecules. 
the volume V and the other V,. 


0 the former. We assume that the chemical 


OF, 
aN, 


OF! 
aN, 


4 24 om 


Ft 


Ree. 
NA 


. 
VON, 


( 


bra Aya 


oF 


Pi OF dg 
ON, 


ON, ON, 


-( 


Nie bani 


uy OB at 
aN, 


OF 
ON, 


OF 
ag wena v= Vy 


of OFAN, = 4 = const, and then 


_ OF _ oF, 


= on, > on, th"! 


dilution, we get [*] = —kT log. ¢t, hence 


Pre — AP .t6V. (18) » 


The Potentials of reat Forces 
ie 


mid us consider a little more in detail the 
rae ey eee the equations (13), a and (15), 


iS atl ee are used as in Mayer’s and 


\ 


MeMilla ~ 


probability that N solute molecules be at Ai 
the element of configuration space d{N} is pro- — 
portional to Fiy(z,,{N})d{N}, the normalization 
condition being 


NN: 


The fugacity of the solvent is taken to be fixed. 
at 2%. 


im 
V-00 yr 


[Pyle (NDA{N} = 1. 19) © 


The functions defined by 
Wwe ,{N}) = —kT log Fiv(z.,{N}) 


are called the potentials of the average forces be- 
tween N solute molecules in an infinite system of 


(20) 


solvent with the fugacity z,. That this naming” 


is adequate was explained by McMillan and. Mayer 
(§ 6). 


This function can be developed into the: sum 
Wyrm, {N}) lary Z{n}y Wn (2 ’ {n}») (2 » 


ef the component eestor wn, for which the | 
inverse relation 2 


Wa (és InP) = Deny,(—D?-* Wav (eo LN) en 


holds. 
Therefore v we can write 


Fx(@, {N}) = cxf Woolas, ND) 


kT ; 


and if we define another set of functions by ’ 


Falta fn) = exp f—2GD } yap 


= Tiny ex { 


we get 
F(z ,{N}) = {n}yU+in (>, ’ {n}a)} 


This formula gives ‘the connection betwe n hal | 
and gn (2 » {n}) defined by — 


Fi, (z, ,{N}) = Zk {ni} ul on (zo, {ni}n)- (25) 


-which states that 


Gn (2, {0}) a Pehl (20, (dn). oY 


tp (Zp , {i}) a {i} 


o=ztrl, 


- SSqaat T fu; (Z , ini} d lf, 
(27) 


ch is assumed to be independent of V in the 

4 mercsent paper. ‘ 
We can also define the irreducible integral 
pe) by : r se be 


- Bs )= =i ea Nie ae {Sterns pe 


. T fn,(2o3 {midi A {1}, (28) 


va 


; where the summation runs over all such connected 
sets ‘of the subsets {n;}, that in the corresponding 


"diagram all the molecules are more than singly 


es : 
ye connected. For example we have 


iM 4 


peers 


B 2(%) = 


those between by’s and By’s (By = Br—/b): 


sac = >>} py WRB re leo)¥re 


he? nk! 


23) 


SM k—1) ny yy 
k>? 


see that 


[face Jets AND Foes NEN 


= Wty, 


. 


\{ A Fa(eo {NPA{N} 


represents the average of the potential of 
average force or the average of the ener 
interactions between N solute molecules dit 
in the solvent of volume V with the fugac' 
Thus — mbt | 


md Se ateT Be 


may is interpreted as the partition function 
this potential. Evidently this can be express 
terms of the cluster integrals as 


2t(z,T, V,N)= 21 Oe e 
’ x 2 mi 


Simi = 


From this econ (13), (14) and (15) will b 
derived because of F." = —kT loz Q*- 
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> & 


where the integrand is the sum over all the pro 
ducts connecting J, molecules of type 1, ly of type 
2,..--,lc of types. In the following such letters 
as | or & mean the sets of numbers as 1, PP: 
At first a quanity or k,....,4s- dt means the product of volume 
he semireducible = eel is defined and its elements for the Z molecules. — A 
y is used to derive the relative free reece - The irreducible integral B; can be defined simi- | 
: larly. The integrand is the sum of all the products 
such that all the molecules are more than singly | 
connected by f;;. The relations between 6; and — 
- By were studied by K. Fuchs. : 
. Besides these integrals we use in this paper 
some special integrals which we shall call semi- 7 
reducible integrals: 
The 7-semi-reducible integral bey will be ast ; 
fined by | 


bo = Trev NSE aed 6) 


n which ‘th t d th mT the / 
|. Semi-reducible Integrals in Multi- peas hilan sith! a Abaca ini ene sls e 


disk | 
co omponent Systems. 3 products connecting 1, , -, lo Molecules such that 


1 any of the Scion aniae diagrams can be dis- 2: 
ae i following it is assumed for the sake of sociated into irreducible frames by removing some | 
of the molecules of types 7,7+1,....,0, any of t 
the molecules of types 1, 2,....,. aoee  nevechelanl 
ing to more than one a a Such apse are 
’ ealled to be r-semi-reducibly connected. i! My 
We can find pretty simple relations between 
r-semi-reducible integrals. and ++1-semi-reduci 
‘integrals. : 
As in dissociating an r-eami-rbdeeible figur 
into its component 7+1-semi-reducible figures onl: y 
_ some suitable molecules of type r are “nevesia ry 
and sufficient to be removed, it is rather easy 
ascertain that bi), is expressed as the su 
‘ products of bo +m each raised to the ‘Power 
where m, satisfies the relations 


Bkpmr = lp, Bhim =h, Ble te Shem 1k 
apr (34) 


cluster 


with p = ih 


are iS alsteaaily. Wound: As we 

st take into account the distribution into the 

emi-reducible figures of molecules other than 

hose of the 7’th kind too, we find as the! final 
mula } a 


nz | 


Summation should be carried out with respect to 
satisfying the relations (36). 

The right-hand side of Eq. (37) can be expres- 
| in the form of a complex integral | 


= Gaps fen -fexp [pe sh Sane ; 
3 oe eee a Gatetcore! it L (Gaye | 


3 « F6) art 1(6,)- 1, = (o- =I biden: dita +’ (88) 


ion of o variables ae seca GrsBraty see, 20 Such 


i 


ee = Gr exp x 


od 


“ia 
2 [- Dh Dorey 1 Cos (rir 4 ‘iH i ete) (39) 


te relations Re al. gil 244 
Go 
Bin ae ‘0 ‘(p)'p(Gn)r Tl (2%) 
p= B=? +1 i 


Cr 
ae 


e 
ee 
Gg hth borne u Goole + it ae 


Pa feb! i Goo to a Leyte = =e (41) 
is sag , o he be 
Doe): D (CpVp (er) HH (zeyie | 
p=1 i eemautt 
ve : r-1 * 
+3) (k,—1) b+) 2 H (6% 
& Poni ip wlan 


: simultaneously satisfied: (41) and (42) are ‘ob- 
ned by multiplying the’ preceding equations by’ 


ae 


a) bes A a6 oi hordes ve 
» 3) 


{ 


ie (39) with respect 1 to os at constant eng 


2 _ 2 {l, k,. Ott) EP 
i? boyz = 23036) - Lr Ken Des ty eP a (87) ‘ 
. 27, : 


‘Then we can state also that es dol 2, is a fune- 


_ (48) is proved when the equation — 


' but varies with ¢,, we get. . 


a fe 3 5 vy . (40) 


‘p(Sr)"r i (z4)*¢ (42) ; 
i t=r+1- ‘ead 


pA ae enor , 
Brits «>. 2) @em * ap a 

- Such rather sem pacaken formulas can. be ex- 
pressed in far more simple form when we denote 
by Fr) (6, z) the o’ple power series in ¢,, Me 
Cath tepigieis 


.,%o With coefficients by)... We also 


denote the partial derivatives as follows: 
9H») /06, = me : 
0H 9/9, = Hy) ,t% 
The relations (39), (41) ana (42) become * me 
“a = Gexpl— Hrs, “ie ee 
Grama palie ver 


y Ho) = Hos +o-- cH Pe 


For this purpose we first show that for a y 
fixed number « the relation _ Teresi 
\ 3 4 ein "ay 
Hr+1);r = Hx+1);7 


holds with an arbitrary number r satisfying « 


Hosts = Hyery) ; ee 


is proved to be valid. 


Hee+),r = = Hees esis Nie, z+1,r 
a aide? eae e+i, ati} Seti, ro 
- «6 E oe 


where Sx+1,» cand the partial derivative of, Se 
with respect to s, at constant ¢;,...., %-1, 
Bie Sy ah Sate gets +) 2a 


On the other hand we get 
0=exp{— —HA (242),2+1} sire ‘ * 
x [{1—cx+1 Aes), 241, 24} Cotte Sad Hixe+2), ban) 
when we write «+1 instead of r in Eq. (45) and ig 
then differentiate partially with respect to oe at ey ny 
aE 


ids ded oe fo a 
Then we see that the second and the third’ mem-_ 


constant Cy yc ceny SiH ty Sr4t pos veg Sg REL y 
ber in the right-hand side of G0) cancel and we 


ee (49) se (48). 


: Hy.j= Hoye ‘ Mt - 
+ (62) 


Now from Eq. (47) we get 
Hey = Ho —Sp{1—Hvenoh 


1s. --Hp+1),p = logzp—log ¢p according to (45), 
can write 
ange 


“Hypsy = Hip) —Sp (1+ log zp—log ¢p). 


Sp, Spt+ly oe eBr—ly Srtly evvey Boy 


/ 


Hw,r= WEL eh satin toler LA hoe 
Fe --- = Hoo+t),r f ps 
), (46) and.(47) become 
ih aes exp (Hi uciingns sol YASH) 
ees eh Nas 
; He i AU ae a (56) 


vith | Sree. H is the power series in z,,.... 
ha ine the ordinary cluster integrals (34) as 
cients, 


Re _ Especially when we put «=, Hyc+1) becomes 


wer series in ¢,,....,¢s, having the ordinary 
sible integrals By, as coefficients. Thus we 


o Ce Hes Hy) = G (eb) ; 
2° be abi (%1)41. we -(Z)'o , (57) 


3 Hey = G(s, B) \ 
4 , ' 
= pa ($i)¥1...(So)*o.. (58). 


ony 
‘< 


‘For the sake of simplicity we often use the 


&r = S,exp(—G, -) 


ane a a 


A ) = 


- and from the ‘latter, we ee 


y ik 
A = G+ 2 Sp a—G, r)- 
The relations 


Vis hm Hor+1) ae Sp (—G, p) 


= Hes1)+ = Sp i Her, py 


also follows. Eg. (61) corresponds to Kq- (65) it in 
McMillan and Mayer’s paper.@) 


§ 4. Some Thermodynamic Functions 
of Gaseous Mixtures. PS 
Let us derive some thermodynamic relatio 18 

from the results given above. ( ; : 
For this purpose we must Soneies as usual the: 

configurational partition function of Nobles 


molecules in a volume Vis which will be written as 


ao j 


where the sum is ee over the ‘sets of 
satisfying - 


Bb. m = N,. aoe Ae J (64) 


'N also means the set N,,...., No- 


The absolute activity of the 7’th compone nt 
will be denoted by 4,, and the partition function 
of an isolated molecule of the r’th kind without 


_ the V-factor by ¢,. Then the fugacity will ee 


given by 
Zr = A, $b, 


and the pressure by | 


P = kTSi (zy)... (Zoo 
= kT H(z, b). 


r is determined by 


Nw 2l0RE _ OVE (ed) 
Blog’, — mihiich 


ingly the sate int Pr cena 


hy 
whe 


ane where N; is the average ‘number of molecules of ; 
type t at given N,, .. 
atN,=....5 


hen on account of (61) and (66’) pressure will: 
expressed as a power series in 0, 


P=i{G(o,B+D0,1-G,)}, (68) 


the free energy as 

in >> N, (ey ene 

c= —SN, kT (1—log or log ¢,)—VE&TG (0, B). 

: (69) 


latter ean be lp Sspreseed in terms of 


fu ngacities as 


3 F= VkTXz, H, - (log 2,—log$,)—VkTH. (70) 


is _ These expressions are useful when the densities 
of all the components or else the fugacities of all 
the components are given. But it will sometimes 


occur that the fugacities of some of the components 


= 


nd the densities of the remaining components are 


given. Suppose that the latter were named 1, 2, 


...:,7 and, the former r+1, .. .., 0. Then the free 


energy must be a function of Pry + 207 Ory Stl, 


: This will be obtained by peat 
te hae such as (54), (55), Se and (53) into 


2 


| ») with ‘the result 


I Y= -3N, kT (A—log 0p-+log $y) 
4 VET St 2 Hir+0), (log %—log #,) 


! q —VkTH +9 . ay (71) 


; orrespondingly pressure is given by 
P= irene 3p d—Hesn, a (72) 


a Now we have defined the relative free energy 


’ be extended to the present case if we treat 
t e “components 1,2,...., as solutes and the other 


Teh ealeres! (Nay Be 
i iemPel 
(73) 


‘eee, O, r+, ° 


’ pressure of solutions. 


and put 


is fir: the solute. in a solution. This conception 


section). 


- +» %o and (Nob > 
, = 0 with the same values of 2,+1 : 


Nee act oe 


30,6 59 £6 « 
Because of (71) and 


Vee Hir+i)c = Ni, - log 2,—log ¢& = BifkT- 


we soon obtain 


yD (Jars is ein eay es V,N,, a) Siete hap) 


= — 2Np kT (1—log 0, +1og dp) 
t hd : Cie 
VET EH rey (Hen oh (TBP) 


For the pressure we get . 


Ree RGB Vi git «aces Neue onsite et eo) 


0 
~ OV 


LIPtYLY, 0,....., 0, aah, coe pee 


SAEs precy Ray Ts V,N, , ee 3 fe) ( 
Another equation 
OF'/ONp = ak jt 


also follows. P* is something resembling the osm: 


Now we can write (73/) in the form 


EY (Grady oon ss Za TF, VN, 225 Nr) 


= — Np kT (1—log Pp+log bty) 


1-41) Hern 2 Pp log $'p/bp 


ky Bhi wk, (r+ yp a ov ZG)4Or) tn cee 


= Dees, 
=a Ga (Oise siete 2a))e 
Comparing Eq. (73) with (14) and (16) we can s¢ 
that the coefficients in (77) may be interpreted a3 
the irreducible integrals for the molecules of types. 


-» Or; Bi (B41, 


1,...-,7 in the medium of other types of molecules: 
at the given values of 241,.-..,20- (Cf. the next: : 
Their Matai to the ate Sane inte . 
grals is evidently 


Bri, mek, (2 its sa epea) 


Dh, js ke Dirtt) keene, (r41)8, tleses (20) (78). 


eae B (r$1) 100K, eek (21 41)’ rtte es -(zo)*6 ‘ 


SLB 


ay 
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tity. called ‘the relative free energy. A réla- 


the’ potentials of the average forces was 


sidered. 
udied after introducing the conception of 


In part II a gaseous mixture 

em re ueible integrals. Then the relative free 

gy or any arbitrary part of the components 
ressed in terms of these integrals. 

/ we are going to examine some relations 

the present theory and McMillan and 


one. For this ‘purpose we' ‘begin | ‘with a 
if eation of the grand partition function. Thy 


vg MF 
sections oT between ‘cluster integrals 


npartments ‘each of | volume Ve Molecules. of 
; from rtl to o are able to pass through the 


boundaries: between these compartments each of 


contains Ni, «+++, N; molecules of the re- 


1ing components. Total number of’ molecules - 


"The number » of quantum aie of a. _ system: 


fs ee 


of volume : V and numbers of molecules N;, ceeey 
N,, Ny +19 tee 


aod 


» No, having the energy value hy 


will be denoted by a.» ree 


“Then for the whole system the total number 
of possible states in which m of the compartments 
are in some of the quantum states mentioned above 
is denoted by 0(m). The maximum of this quantity 


_ or the corresponding value of entropy S(m) =k 


log @(m) will be gained when 7 satisfies the relay 
we 


wipe (P+ BN er. 


This formula is obtained by, a quite. si 
argument as was “carried by McMillan’ and Mayer 
Difference lies in the fact. that in ithe present 
the set. Ni. tees » N, and. Britis iste cis far ‘is. 
instead of the set My, So Hos Indeed this | 


probability for finding just Wer molecules of, 


r+, - , No of type o in a box of. volume. 
which N, molecules of type y “nets N, of t: 


are Pegr-ingid with the condition that the at 
- state’ for all: of these molecules together be ng 


the ere Hs This ree be ee ar 
wt 


(79) 


Ah 


DB exp(—HykT) = Q(T, Vs Ni > 


oe, Ns) 


is s the partition ero, we get 


2 xv(—P V/kD) exp( > = eat ‘ 
G ike bo va . 
as. gine Sev (3, Neuer) { 


< xQ(L, V, eee 


a , No) = 1. (80), 
. ‘f fact Hp depends upon N,+,, ++*:, No, for 


“the given. quantities are Ni, +. 
- 


+++, Ho. But as the change in exp (Nptp[kT) is 


a 


eymbol.* 
eit absolute activity is dsed (80) may be writ- 


. s as 


1 
re) 


aM aA east 
et kane pe) mgr +1) rey or (40) 


ee, V, Nyy 0+ Nes reas 279% Ma) 


ie - “sexe (PV— 3.x) i}. | BI) 
LO} {}) = exp{ 72 


. a 


pee {N+nbd{n}, (82) 


: es 5 . WANs: oe Zo 
= for : ; ere pee 


Vote 2 ee) 7" 


+, NN, ‘and Myp+1, 


¥ Pe es i ity set Aare eee 
‘small compared with that in exp(Nie/kT) for a Sa Ati Soka ina cousin : oes 
integrating ars we get 


Now MeMillan and ‘Mayer proved the equation © 


—- 


ha treatment is not allowed when phase ~ 


seoe 


z 


{2@)\" = i (f2)", (83). 


: % 
where $*p is defined by 


in which the set Urey 00° 
This equation corresponds to Eq. (2) () 
The ‘integral 


1 Ne es : 
sarcon S- Some ova 
=/At(z, T, V, Ni, *:* “s N;)- 


can be interpreted as the configurational p 


buted among the molecules of types rtl 


3 (Gera. Vm = 


al 


v. —VPF2y SER 
= exp| kT porate ot) (Ogu rN Ley 
/ ie “fs 
xX ATs V, Ni, Saree aTy Ny; Meet afta 


in which z means the set 2-41, °°°*, 
Ni! +++ wal |. Res Jrmo, tNDEUNG 
se AT, VA N,, rye) No) 
for the general set N;, ----, No S 
Maleipiying both sides of (86) by the fe ct 
2 (pr) 


and remembering the relation between the ordir rca 
partition function Q(7,,V, Ni, -- 
Nc) and the ordinary configurational partition fune- fy 
tion AT, Ys Ny** 


Ns Res On - soya 4 


its tea 


Fe AE eng ’ a 


AT, V, N, wae iF N;, Net 1 er gaps No) 911+ “BoP 4 


= QT, We Ni, pace N,n, Pata pk Nit leaner a te) 


ae fe ip Leen ae 
-+,Ny) Il (B'p)*? 7 
p= 


Moreover for the sake of brevity we must use theg 


i, ngldre i)” Pie icie (as)"¢ quantity 


+, Nr, Mrt+is ****s No) at = 2pb'p/bp 
and a function Ht which is the power series 
z'p with the cluster integrals bt,(z) as coefficiel 
Then F't is expressed as . 


Ft = VkT S2'pH?, (log ztp—log 6'p)—VkTH? 
p=! ; sihy (92 ! 
xh SIN, kT(1—log pp tlog 4p) —VkTG*o, Bt). 
y, : (93) 

On the other hand we have got (73/)@. ‘There- 
fore we know that Br! defined by 8) or Se 
‘the same as (90). i : 

A similar relation between bt,(z) and the cluste 
integrals defined by (34)(? is obtained by comparing 4 
the expressions ‘for the pressure Pt. We get at 
first from (66)°) . 


Peake Sy. syed tor ah | 


p> RCo Orang began “ly leas} Stas + (Zo) “} (94 ; 


On the other hand when we use the clustal 
integrals (91) defined from the distribution functio ns 3 
F@rtiy sss, Zo» {N,, -+++, N,}), we get Shp 
ing the fugacity set Zrtiy °° **, Zo AS para- 
of course extension of the method to the 


Th 
ae ‘Thus we can eee the relation 


oy es vafersss oor, tay SE) eons (BE) : 


u In (es {ni} id {I} . : = Phi, ~stgPhyt (asin wis (oy, 


a cluster integral by | with the exception of sities, 0 =0. 
Rae 3 The expression of ¢'; was given in th 
¥ Bite) = Taek vee [Stenaa. paragraph of §4 which may be asics 


: O, 
T fof, Crh), | ea ge berg = 


ere we use the abbreviations 


al to one baie ace zero. Thus 


i 


r+, ore, 


tg OPP, 41% Ca aoe Co 
(98) 

_ Substituting (98) inte (96) bt(z) will be com- 

letely expressed in terms of b;,...2, and ri12, *++*; 

“fo. . 

“ig uty get also the relation 


_ of the semi-reducible integrals. 


(20) |: 


But we can prove this directly from the nature 
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aa Pay Spectrometer of a Type Using Helical Orbit. 


In 1941, C. M. ‘Witcher has constructed a 
ened spectrometer of an electron lens type, 

which utilized the uniform magnetic field by a long 
ermholtz’s solenoid and its focussing action for 
harged particles moving with helical orbits. He 
pinted out the advantages of such a type com- 
pared with the conventional type as follows : tt) 
‘The relatively higher efficiency, or the solid angle 
at the source to be utilized without sacrifice of 
esolving power*. 2) Source material can be dis- 
a ibuted over the surface of much larger area. It 
thus ernie for this type to furnish data on 


i Recently, S. Frankel®@) has called our at- 
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gamma-ray. 


-meter is that positron and electron could not 


tion to the fact that this type ahenls ‘be more © 


material except that of the source holder 
4). The relatively large distance between s 


But a marked defect of this type of sp 


resolved without a particular device for the be 
system). The author thinks, however, the fa 
that the structure of this type is much more simp 
and symmetrical than the others and the field 
the long solenoid is made easily as uniform as 
desired enables us to add another advantage: 5) ae 
It is easy to calculate mathematically the optimum 
geometrical condition for the source, baffle’ and — 
detector system in order to obtain the largest lumi- —~ 
nosity and resolving power. And, furtheremore 
even the calculation of a form of the luminosity 
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vs. particle's momentum curve (the transmission 
factor) will be expected to be not impossible. 
Under such presumptions the author intended 
to construct an instrument of this type, but recent- 
ly it was determined to give up this plan for an 
unavoidable reason. 
the calculation in the course of design of the spectro- 


‘meter will be represented here. 


General Consideration. 


As well known, a particle of charge ¢ project- 
ed into a uniform magnetic field H, with a mo- 
mentum p in a direction making an angle « to H, 
has the path whose form is the circular helix of 
radius 


(p/He) sin « (1) 
and pitch 


(2zp/He) cosa. (2) . 


It z denotes the displacement of particle from the 
initial position in the direction of H and ‘o its dis- 
placement perpendicular to H, 


o = Dsin«sin(z/D cos a), (3) 


introducing a\ parameter D = 2p/He which is equal 
to the diameter ‘of the circular path of particle 
when projected perpendicularly to H. Apparently 
the form of path is dependent upon the values of 
p and H, but the variation of path with p and H 
is included in its variation with D. So we can 
replace the variation of » and H simply by the 
variation of a parameter D. 

As « increases from (0 to 7/2, the value of o 
ona plane z=2, and for a particle of constant 
D= D, starts from 0 and oscillates. 
|o| are at %, for which 


The zeros of 


Z,[(D, cos «,)'= nr, O La, < 2/2, 
n>, nm +1, Ny H2, 2+8,. ...and 


Sy ae ( The number of rotations before the 
o= lim : ; 
a+0\particle arrives at the plane z= 2. ) 


From (8) it can be seen that o is able to be either 
positive or negative, which means physically no 
more than that the number of above-mentioned 
rotations is odd or even) 


Yujiro Kox. 


Thus, only several results of’ 


The Optimum Geometrical Condition I 
for Baffle System. . : 


Apertures in baffles are, of course, assumed to 
be of a ring shape for brevity and arranged such 
that they have a axis of rotational symmetry. In 
order to obtain the optimum condition, it will be 
enough for us to investigate only the case when 
a point source exists on the axis of symmetry, 
because position and shape of source will vary om 
each meassurement and they could be treated as 
small corrections. The luminosity is given as the 
solid angle divided by 47, subtended at a source 
point by the detector’s window without being pre- 
vented by intermediate baffles in the case of given 
D, and depends, therefore, upon the position z = li 
of each baffie and the outer and inner radii R;, 
7; of annular aperture in each baffle. We must 
decide all of l;, R: and 7;, such that the form of 


the luminosity vs. D curve becomes as high and 


sharp as possible in the given maximum point Dy 
of that curve. 

The Witcher’s condition may be ranked as a 
first approximation, in which only the dependency 
upon the outer radius Raz and the position Jz of 
detector’s window is, considered.. He makes Re 
equal to |e-:|, one of the extremum values of the 
curve (8) ‘for given lz and Dm, and inner radius 
va equal to |¢-x|—do.* Other intermediate baffles 
are arranged such that the solid angle for Dn sub- 
tended by the detector’s window 


2n(sin Cocee{ : 


% 
an xdo+ 


da , 
sa I 


Fext—O 


is not shaded and decreased by them. As Lim\daldol 


o> 5er 
= +00, the solid angle determined in such a man 


ner becomes extremely larger than the one determ- 


a ae oe 
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ined otherwise, even in the case of small do ad 


’ 
the attainment of large resolving power. * 


One can see, however, by taking into account © 


of the simultaneous variation of more parameters 


, 
l; R; and 7; ,it.may be possible to obtain a better 
condition as a stage of next approximation. In 


order to omnes a number of tei at t 


* In ‘the Witcher’s condition, isigitan 
the detector’s window must be of a annular sha 
not of a circular shape, in order to obtain the la 
resolving power, 


een 


(4) 


i F+c= D (5) 
d, from (3), for s and ¢ which give a special 
_value to |o| at z 


$= |ol/sin(z/c) (6). 
The projection angle a;, with which a particle of 


given D arrives at |o|= R; (or r:) on the plane 


(5 The curve of (6) 


(5) and (6) as shown in Fig. 1. 


has many branches, corresponding to the number 
of rotations before arrival at z=1;. And as each 
“branch has generally two cross points with circle 
(5), there are two «;. The larger is the projec- 


tion angle in the ease when |o| decreases as a in- 
“creases, and the smaller is it in the inyerse case. 


r 


Fig. 2. (t) when the détector’ 3° 
ed _window is a circle; 1,R,r, lake, (iiy 
f when it is an annular Tee + l/Ry!r,! 
} be ces : . ‘ 


‘If the curve (6) touches tangentially to the circle 


_as shown in Fig. 2, then the arc of circle (5) for 


2 = l;, is obtained from cross points (s’, c’) of curve » 
2 


optimum geometrical condition for baffle system 


restriction that the apertures are of a ring shape 


inner baffles might not always be on a same plane. 


) Spectremeter. 


(5) in one point, the corresponding ¢; is just a ex- 
tremam point of the curve (3).as used in the 
Witcher’s condition. However many baffles may — a 
be set up, we can calculate geometrically for each 
D the interval of a, in which a particle can fly : 
without being stopped by any baffles. Draw the 
curve (6) for 7; R; r; of each aperture and shade 
the regions corresponding to R; << \o| and |o|< 7, 3 
each D cut off by the unshaded region represents _ 
The solid angle subtended 
by the baffile system is given by it 
2m{cos a,(D)—cos a Dy} me) 
provided that «,(D) and %,{D) represent respecti 
ly lower and upper limits of the above-mentionet 
interval. : 


the required interval. 


From these considerations we can conclude the 


as follows; 1) The radius and position of the cir- 


mum solid angle given arbitrily by us.* 2) The 


he 


shorter is the another diagonal compared with th 


when two right-upper sides of the rhombus tou 
tangentially to the D,, diagonal.!! 3) The conditio 


two rotations or to stop particles scattered anoma- 
lously. ( a 20 
But it is enough, and even better for simplicity, } 


to make the sides of unshaded region be determin- 


ie In special case the rile 5) may be cut off 
into more than one part, then the formula (7) | 
must be miodified accordingly. 
* In order to materialize tnese conditions, ihe 


is unnecessary, rather. too close. The outer and 


li In Witcher’s ‘condition Rz only satisfies this _ am 
condition. . rae, 


seems to be not meaningless to attempt 

culation in a case of a deviated point sot 

the analytical method on trial. According to! 

preceding section, let. us consider a case of onl ly 
tw. baffles and take the wyz-axeS as shown | in 

Fig. 4. The distance w(z) of a charged particle 

from the z-axis, which starts from a deviated point 

source (0, ¢, 0) and has flown a distance z slog g 


the z-axis, is 


27 Jo ~ Don 
Fig. 8. (i) The maximum 
uminosity . 4.5 7%, the half». 
~ ntensity windth 4.7 76 ; He 
6 66.30m, Ry =8.7cem, 1 = 
“5.9em, la= 86cm, Ra= 
15cm. (ii) The maximum |a- elit . Fig. 4 
ae minosity | 1.7.2, the half-in- oat 
‘ tensity width 0.9%; = w(z) =. fe" + o(2)° 
_ 180m, R,=4.lem, ry =~ = ~20\0(2)| cos (+ 2/D cos «-+¢— ‘Ra 
~8.5c0m, leg=86 cm, tia ’ 


} 
{ 


3 -arheits SoM corresponds to positive and peasy i 
charge respectively. Then, the solid angle S sab- 
tended by two annular apertures isa funetion of 
LR, Kors, , 0, D and can be expressed : 


" S, » Ris my 3.fgs Ror rod o(D) , 
When we take it into account, we must anee abet 
elopes of the curves ©) as the sides of uh-,, ,.', = Jazsin adx{ flo den) 


Ns " 


xa —flo; ? rVMo, ’ RHO fiow ’ nit 


} beovided that 


Be ance to the Analytical Method 5 wae = w(l,) ose = ofl) Ly 


uf of, paloulesion for General Case © ae . a 


Aa : “Pl ' 


ea ee re ees ; 
fe, y) = hr z fe : ay 
L acy 


where J,(¢), Jit) are the Bessel function of orde a 
= 0,1 and f(x, y) is “the Weber -Schafheitlin’ S ¢ 


i 
t These naked are of the same anid as th egr 
Jt 2) . 
r va luations given recently in short notes by several : rian nak earth pe ahi 


oo - an) pole 


“dalle onde) gos =D 


sr a heseeel is calculated by H.M. Macdonald) 
d the result is 


a As "Sy i | 
0 when n=, are. 
a t 

8S ; _ é(e—ey 
corresponding to-*:  (a—py., SP eiosel, rat 
= (o+o) <7", 
ie A;= Cos-H(o?-+0¢— 
U hypergeometeric function, which can be 
mplified, multiplied by. the factor 2/z-sin (Ai/2), 


A;/z n= 0 


> sin ae 2): owe = {ein mAs)i(na) Mie Ie 2, ie 


ea ehils by “the expansion of bck side 


¢ piemite series. Introducing 


= Sfentiny rations Flea a0) 


4 
4 


= Sfesnien)—rtiooninion. FAldala a, 


+f 


li “nlly— 
& os 
tee -Dicos SH. 


aay 


» functions. 


= Bes Q)n- an a iePlain 1/2—n 8/2 ; sin’A,/2) 


7;*)/(20\o;|) and ,F; is the 


derived by the graphical calculation as shown i 


Pe ny 335 OT ra eer (11) ° 


n(hy—b) a0) -2r sin oda, 


Base that they. are "expressed as elementary 
satire a 


|For example, the integrand of (12) ) in the case of 


| § 
ap ate pea eh te Nee | TR we ae 


Oi Oe ee 
= 8¢ js a eee 
are | Ri | ms 
2z sin M{1-sarin) dale ea/n) MOTT in ty 
“Alem sin ma, (esata 
test Se a> 60s 31 cos i" pee ‘3 
. (sinmds sina) ee 
ma mn re 


Qn ae #(1—a,/z)-As)z } 


olde sin >a cos- A (— ened) ) 
oh COs’ & mr 


sin mA, 


2rsina, A,/zx 
vy 
2zsina. (A,/z—a,/z) 


2z sin «- A,/z-(A2/z—az/z)_ 


41m sin mA, ~ 
4r sin a>\c = 
cz ; Dar eS 3leosa mn 
sinmA, — sin may 
x( mr mn ) 
wher 


A; = Cos7'(a' +6°—R?)/(2olei\) 
a; = Cos-M(0?-baz?—r,*)/(2o|e:}) 

and ef : 
tan a,q = 0.2034 
tan a,, = 0.2726 
tan Me = 0. 3992 


tan a, = 0.2230 
tan aq = 0.8711 : 
tan o7 = 0.4841 


are boundary points of « intervals in Table He 


ranged in their order of magnitude, and have p 


Fig. i. 


Infinite series of the form - 


3 cos mX¢in m ea (sin mE ylont), 


ee | 


in the integrand can. be summed easily 


= 2 @am)~* cos mi X+ Yi 


+3 Ce cos or en Y+ 2), 


mel 


3 (2em)-* cos mM X + oak Z) 


n= 


: nS (Qnm)? cos mx Y— ia 


m= i 


- Table The form of functions (a) in ae al of 
f 0. (a), 1 » TL, 
points are determined by the relative dimensions of .o, 
- showes the length of cae A, = par tee —R,2)(2e|s;). a, = Cos- “yet tog: ny Ls 
MRED ea;1)::. 20 0,:15. 2p. Bp, «2 m = 1, 2, 8,.... All the same for II,,(«), 03 2 (@) Re, fac 


When Sr; 


RM 


pe 
fl e 


cos A; es oe 
A;- a; 
zo 
sin mA; 
mi ; 
sin ma; 


‘COS a; = +1 


a 


jo ogeo oy} SB cures 


ES 


“spoyeacaqqy 


i} 
I oe 


-ogSu—"y So 


x 
- oo ee ee ee ee Se 


v'Cop. As = +1 


WS 
' 
i) 
‘ 
| 
j 
! 
\ 
| 
t 
I 
! 
{ 
! 
Teas 
i 
‘ 
! 
{ 
| 
} 
! 
lade 
| 
| 
{ 
\ 
+ x 
| 
t 
\ 
\ 
! 
ei. 
! 
| 
\ 
' 
I 
| 


smaller of R, and R, Sat a the larger of " an 
1/16- 24424 t=heh. ob ; 
—1s6=+1 


1/16- {(@—2)?— 
Si (2nm)-? cos mz0 = PS-h(Ce ate. sic * alytical expression (12) can be deformed to a finti 
1. ‘ — 


_ integral, which contains no infinite series and i | 
1/16. {0— 2q)?—~2|0-— 2qi} integral function of A;(«), as(2) and Yeos 
+1/24 Qq—1)S0S(2q +1) its integration with respect to « is difficult ; 
pe It is = gai Sor us ‘to brie wi se Enns Rani by the graphical method, because of the necé 


. a 


As the final results we can voncludai =) _ ‘he ar 


of complex division of the integrating in 
3ut we can:check easily this analytical calculation, well as the complex form ef functions Aj(a) 2 


W thout carrying through the tedious graphical in- _ a,(«). Although the graphical. integratio 


tegration, by ascertaining that S:, x, +; » (D), the ‘not easy for the same reason, it seen 
Rs 


‘iti lid angle in the case of only one baffle, is equal _— ful and not fe Sout if the exact 
2, ves Ry» 5 Ig» Ro» %3 p (D), provided R= the 2. When r 


Conclusion. 


In this type of spectrometer, we can obtain, 


make the efficiency more larger. The method of 
analytical calculation as given in this paper: is, 


he practical purposes (e. g. the design or the ap- 
roximate evaluation for the source of unnegli- 
sible dimension), as the introduction of approxima- 
“tion is difficult because of the use of peculiar in- 


“tegral, which beeomes divergent nearly : always 


Fast Electrons — 


when deformed. approximately. We must device ee 
another method of approximate investigation for 


'kind guidance and helpful criticism, 
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the sake of practical, purposes. But the possi- 
bility to calculate the exact luminosity vs. D curve | 
makes this type fit for the exact measurement, 
together with the facility to increase the exactness 
of the uniform magnetic field, the 
Finally the author expresses his sincere thanks 


to Prof. Y. Watase and Prof. J. Itoh for their a 
, 1 
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On the Magnetic Scattering. ot Fast Electrons in the 
esremecnctis Crystal. 


1. Introduction. 


AS well-known, the polarization of electron 
waves has been attempted to observe by many 
srimental investigators through the elastic 


me 
= oie process by the electrostatic fields of 
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_for some appropriate electron energies. 


force upon the phenomena under consideration 
seems generally to make it quite difficult to obser 
the electron polarization in contradistinction to the 
case of the magnetic scattering of slow neutron 
which has no net electric charge but the pr 
magnetic moment. In view of the saa sit 


have still been insufficient to confirm the sneer 
despite of all the efforts of the experimenters, it. 
will be worth while to examine in more detail : 

Phetber the observatle-influence of the electeou iam ay 
spin upon the-mentioned magnetic seattering makes 

its appearance, to an appreciable amount, compared ate 
with the disturbance due to Lorentz’s force, or not 
In this 


tals: but ata success. Their experimental 
curacy, however, seems not to be sufficiently 
at to observe such minute effect of the electron 


‘upon the magnetic scattering. On the other 


I nd, Weizsicker® has discussed qualitatively the © 


d ssage of high apap! goamie ray i aa Hposee 


“€ erimerntal observation of Rossi, Mott- Smith and 
“Milikan and Anderson, but he has not attempted 


_ to work out theoretically the magnetic aeeigerne: 


in 


bs une consideration’ 


Ble AO 


u(2) = 0, 

w(3) = po2/(4+E,), 3 
u(4) = (Pax —Sey Mid Ea) (5% 
mae CREP 
nee kiby “4 


respectively, where &, and p,/c represent the en 


ut ipayle +E). 
=—Poel(4ut+ Ey) 


and momentum of an electron, the symbols hoanl 

4 denote each of the two spin states of acon 
ron and 4 the total volume of. the crystal. 
have cantik ot in (4) the wave functions belonging 
to the negative energy (4) <0), which do not con | 
cern us here for the ha sat process to a first 


approximation. ‘ pet) ass) oh anf 


For the perturb term, therefore, it follow. 


sH= —eb(r)+ oa» Afr). 


The scalar potential $(7) within a single Fe 
crystal of a body centered cubic may be given by 


ere ygtge i ee 5 : 
ir) = Xg)-0'2 {exp g(a ta+a)+ibeo 6) 


. and 


4 4x e Fi rae ior'dt 
ore GEE NOn RO= j. o(r)e-#o"'de", 


‘ge using the well-known Fourier theorem, respectively 
; > 


where a 4 a, and as represent each of the primitive 
translation vectors of, the cubic lattice, a(zm 
) a vector ioccityine each lattice poin' 


in the rors lattice (n,, Mes Ns, = integers), 5 


ie its odd giitibes respectively. 


S The. vector potential AG) at to the 
tostatie field bis the: ferromagnetic ' 


z in the saturated state. In order to express the 
ae potential by the intensity of magnetization 
directly observed, we have to find the relation 
between both coefficients in the. expansion — et the 


ioe “ I Wee g 
x i 

Mr) = SM; ns Ce Pe) 
is : = bie NS : - ae - ' 


, pnantioned Gnantitics. : 


an 


= = Ait SH Pde = hal Py), 110) 


According to the classical, theory of electro- 
magnetism, it follows 


ie ike ee Ret 4A % dn carl M. 
OE PY ath bic + fl pe ; tty { : ‘ 
= HaPm\Y), Fug) = joa "Omrydt, (11) Potting ~~ RzpeOpIONNG of both vector potential 


ir nce the continuous distribution of magnetic mo- : : t é 
relation (12), the following important relatio 


t may be considered, ‘on the average, to be, 4 , ? by apt 
our purpose has been obtained by comparing 


ined with the crystal period in the saturated ; ; : ; 
_ 4 coefficients of both sides of the equation. 
+ . : % ee ety 
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n sheet, it is essentially required to prepare the 


erimental condition in which |Gem| becomes _ 


ge as possible and simultaneously the stopping 

r of the iron sheet due to elastic scattering, 
ion ition, excitation, Bremsung and pair creation 
ad further, the disturbing. effect due to the stray 
ic field outside the crystal for incoming 

‘are suitably depressed not to mask the 
ed magnetic effect. It, therefore, should be 
lly analyzed. from both experimental and 


or ical Sper points ‘whether .such favourable 


Table® z 
' ol\(em’*) 


(em?) |@em|(em*) | m(em?) 


10. 8-10-"| 0.74. 10-8 4.90-10~25 1.25-10-22 
) 04- -10- -1") 1,90-10-4| 4.34-10-25| 3.77-10-24 


7.6-10-1"| 1.28-10-76 4.24-10-8 4.10-10-25 
- 
i 


Fig a 


yuan form factors of Fe atom 
and ite 3d- edectrome. ; 


25: ‘39 | 
3x10 Femi» 


conditions to give: measurable magnetic scatteri 
may be realized or not for some appropriate values 
of the electron energies. For this purpose, 
have estimated, as seen Table I, the order of mag 


nitude of the various cross sections for a asa 


of electron energies in. which the atom form factors 
Fg) and Fg) have een | ‘numerically evaluated 
with the eigenfunctions constructed by Slater's S 
method of shielding constants (Fig.° 1).* 

‘As far as the magnetic scattering with spin 
change are neglected, the relative change of trans- 
mission with magnetization 47’ in (28) will be ex. 
pected to become of the measurable order of mag i 
nitude for the mentioned electron energies unless } 
the transmitted intensity of electron beam becomes 
extremely small owing to the electrostatic scatter: 
ing and the similar phenomena mentioned above. 
Table i however, shows that the situation is not 
the case since the magnetic scattering cross sections ' 
without spin change |¢em| ate of comparablé orde + i 
of. magnitudes to those “with spin change o1, the 
redistribution ‘of electron spins due to the forme } 
being expected to be completely disturbed by the 
latter. \ 
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yard of time under appropriately varied field. _ 
"Introduction. sl ‘The following measurements attempt to: 


t{ 
“The anomalous dielectric ‘behavior of Rochelle a precise knowledge of the polarization vs. 


salt, summarized by the word. “ferroelectricity ” field relation, i. e. ‘hysteresis loop taken with 
: on account of its analogy to ferromagnetism, has, wise varied - field. The result shows clearly 
called attention. of many physicists, and experi- the dielectric after-effect is very large in. 
"mental investigation has been made by numerous salt and not a subsidiary phenomenon as in ord 
Ry workers. ‘Yet the phenomenon is so complicated dielectrics and also in ferromagnetics. - ibid, 
ih that there are many points requiring further study. ’ Some measurements were made “alhe the si 
3 In particular, there are great discrepancies between method to investigate the behavior of Roghelle 
_ the results of different authors using the same as under varying temperature, with special ref 
well as different methods. Apart from those dis- ~~ to the appearance and disappearance | ° 
crepancies that can abe ascribed to the difference = taneous poate at the Curie point. wl 
in) external conditions, especially humidity, a great 


ge eis reported to exist between the dielec- § 2. Experimental Method. 


The principle of the method employed 
aot a: ballistic: method.®) This may be accounted trated in the schematic ‘diagram (Fig. SBP 


r\ by the presence of dielectric , after-effect, ©) 
orn nes been > piso directly observed a and can alsa in rectangular plate (?/,.emx 2emx4 ain) ovitl larger 
faces perpendicular to a-axis and foiled with sil 


on both sides by anhydrous alcohol, and is enclo 
in a glass vessel and dried by CaCl,-6H,0 toa 
relative humidity of about 25-3596. The vessel is — 
immersed in a water bath, whose temperature can 


be raised by introducing steam from separate boiler: 


a. cs Neessbentcmscnta: “ (5) page this phenomenon is 


’ related to me proeets of reorientation of dipoles i in 


bof ti the ahaa between ae polarized 
2ains it is of interest to make further observa- 


he ‘behavior of ia Ketel as function - Direct heating by electric current was discarded 


cAstian circuit. of capacity, re s st aN ni 
tance.) The value of Ce, which i is. calc fro’ | 
the mechanical and electrical constants of the gal- { 
vanometer, was about 50uF in our experiment | 
(Fig. 2). Accordingly a fraction 1/50 of the charge | 
in C, was left in C, in every discharge and was | 
added. to the’ subsequent discharge. { 


at natural frequency. 
: logarithmic decrement. 


YT : internal resistance 
Te: critical. resistance 


Fig. 


The condenser C is charged or discharged 
h anothor condenser C, , which can eventually 


Se a 
Galvanometr 
Fig. 2. 
paraffine and is dried with P,O,;. In our _ Equivalent Citcuit of galvanometer. 
: abe Teepaeity of Cy docs’ nob ators ae All the following measurements were made 
mi “neg EBely, but dielectric after-effect by successive addition of the quantities of elect- _ 


.ricity, discharged through the galvanometer by — 


closing of the switch S,. Most data are therefore { ‘ 
obtained by the summation of hundreds of individual 


readings, so that one false reading in .a series — 
of measurements will affect all the data after — 
(or before) it.- In this respect, the precision of the 


y /xylo prom an ordinary mica condenser, following measurement is to be regarded excellent. — 


ad heen impregnated ‘with paraffing #0 mre 5 The advantages of this procedure are the 
. The capacity C, is so large compared follewinges or | 
, : 

(1) A better precision in the integrating pro- | 
cess can be achieved compared to the integration j | 


of the readings of current itself. The latter pro-— 


o the voltage across the voltmeter. This 


cess leads to great error especially when the em 
rent change is abrupt or irregular, a situation to. 
be expected when the dielectric Barkhausen hei 

is. present. fos 5 nag 


ge of C, b moment losing: . 
% Ayer eneares honing a Siviset (2) Compared to the method of direct measure- 


be recalled that, for this measurement to 
urate, C, should not be too large, otherwise 

a tion of the charge in C, will be left in it. 
is explained by the counter-electromotive force, 
is generated in the galvanometer coil by the 
nal velocity instantly created by the current 
In this respect, a galvanometer can be re- 

S equivalent to a condenser C,. (A pre- 
ivalent circuit for a galvanometer is a 


ment of the voltage across a condenser by an elec- 
trometer,“ this method has the advantage of ‘the 
“freedom from the effect of the leakage of the con- 
denser, because C, can be discharged before. 
acquires a agora poltod: 


high resistance ‘of 108 ohms was inserted in the 
osite side of C to enable a continuous measure- | 
‘ment of the current. The reading of the current 
“was confirmed to be consistent with the: ballistic 
: ean: when se current was stationary. 


§ 3. Hysteresté Loops. 

“The hysteresis curve (P— —E) of ‘Rochelle salt 
“was obtained by stepwise variations of the voltage, 
“in contrast to the ordinary sinusoidal variations. 
_ after-effect presents itself as a continuous 
. current flow in the period that the voltage i is kept 
constant. It was first intended to wait until the 
:. iS _ current almost vanishes, that is, the polarization 
is almost constant. It was soon found that such a 
_ stable state cannot be attained in some minutes 


‘i 


-or.even hours. So the measurements were all made 


4 by waiting 15° minutes at every value of E, taken 
Fig. 3 and Fig. 4 show results taken 
The vertical 


in 10V steps. 
at 17.6°C and 21.6°C respectively. 


parts of the lines represent the variation of polari- ; 
ay _ zation by after-effect, whereas the tilted parts 


iF 


X10 “Coulomb fem? 


geo 


am step. 


"Barada newt 
| Po larization” 


Stating Point 


lees Set 
P—E relation at 17.6°C. 
meant. the charge obtained by discharging C, as 


on as the voltage is changed. 
in ately to discharge time as 1/5 aa 


"correspond to poraonet poate, by wees is 


(1) the polarization is very gradual and dos 


_ For low field, the after-effect is very large 


_comprises the main part of polarization, while 


It corresponds — 
- a common limiting value. 


Ly 10 Coulewb fom’ 


ia - €= 16000 
24. 6 ¢ = +45: 
prey ae 1S Min a 


End Point 


eee 
field cooling. 


beep | 
P—E relation at 21.6°C. es 


x 10 Coulombjent 


= 


Polarization 
ess 


step are shown in Fig. 5. You may note het 


tend to an ultimate value in measurable time. e 


instantaneous polarization is very small. 
stronger the field, the after-effect becomes the 1 
marked. (3) With the same voltage on the crystal 
the curve corresponding to rising voltage and that ee 
corresponding to lowering voltage (two branches 
in the hysteresis loop) can be imagined to tend to a 4 


Thus a true equilibrium 4 
i 5 


7 ae 
+ ean 


Us 7 


‘for the polarization may: exist, for every 


strength, ‘which may be represented by a 


ma 


curve lying. ‘inside the hysteresis loop cr. 
) Part Il). The slower the speed with which 
y the voltage up and down, the nearer the 


eresis loop to the limiting curve. This ideal 
hae 
xperiment confirms that the breadth of the 


a! - 


ebends strongly on the rate of change of the 


srroelectric properties are dosent (Fig. 6). 
a Sa definitely i in favor of the rae 


a after-effect a to the time lag in the 
5 | 5 


polarization of spontaneously polarized domains. 
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; 2 Fig. 6. s 
rr rea relation at 30. 6° par 


hese data were, as ene before, 


ett in any way an integration of this sort, 
we have no Means of measuring ore 


, however, never obtained practically. Yet — 


: above the Curie point. 


CaCl,- 6H,0 might not ‘ie sidiclant for Pes ing 
this, so we shall have to provide with some meer i 
of check. One of the checks is the fact ‘that. “the 
hysteresis curve so obtained closes. If some leakage! 
were present, it would not have closed. This test. 
is however, not unobjectionable, since it is possible 
that the leakage. has been just canceled for the 
whole cycle. We are nevertheless convinced, on 
th ground mentioned below, that conduction cur- 


rent is negligible in our experiment. 


§ 4. Permanent Piilakieaetoh!! 

We notice in Fig. 8 and Fig. 4. that the loop 
is asymmetric regarding to upper and lower sides, 
if we take the starting point as origin. It is how- 
ever more reasonable to move the line D = =0 (Note : 
that D is only measured with unknown additive > 


_ constant.), since the magnitude of saturation polari- 
- zation must be equal in both directions on account | 


of crystal symmetry. Thus a Rochelle salt crystal 
must haye some spontanpous polarization or 
in the absence of 
(The existence 4 
of permanent polarization was also referred to — 
by J. Valasek(®) . , 

Rochelle salt loses its polarization if peated'tol 
A crystal with non-vanish- — 


** permanent polarization ”’ 
electric field and external stress. 


‘ing polenisnticns will gradually discharge its polar- 
’ ization charge as it is heated up to the Curie point. - 


The absolute polarization of a crystal after ‘the 
measurement of hysteresis loop, whieh corresponds 
therefore ‘to the remanence point, was ‘measured 
thus, and the point for the polarization above Curie. 


point coincided very accurately with the middle 


point of both saturations. This ‘may be another . | 


. evidence for the smallness of leakage current, ” 


\ 
' 
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55. ‘Behavior of Permanent Polariza- 
tion under Varying Temperature. 


the behavior of permanent polarization under tem- 
perbture variation, and direct and alternating field. 
- The non-vanishment of polarization. in absence 


f field is interpreted as the difference in the volu- 
Since the 


mes of domains of each polarization. 
“polarization of each domain decreases in proportion 
as the temperature is raised, the resultant polar- 
‘ ization will also decrease in the same proportion, 
Ny “until it would vanish altogether at Curie point, 
: where the domain structure would disappear.. If 
the temperature is then lowered, domains will 
appear at the Curie point. It might be expected 
that. domains of both Polvo are formed in 
Petal: volume, or ‘if. this: is not the case, yet the 
pense of jaisnieen polarization may be: erate inde- 


; ie Pitacica tion! before heating (Fig. 8). The 
absolute value of polarization ‘become always less 
% yy each run of heating and cooling (Fig. 7). 
: Thus, the ‘‘ permanent polarization ’’, although 
ot an absolutely invariable property, is due to a 
finite trend, in any way persistent and causing 
formation of the domains of one polarization in 
ence: to the domains of other polarization. 
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‘The following observations are concerned with 


permanent polarization, the remanent polariz 


is changed and the crystal polarizes in the sense 
of its natural permanent polarization. On further — 


- direction (Fig. 8). 
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order of experiments 


Polarization 


Temperature 
ions 

Temperature dependence Ol tte 

polarization by heating. : 


This. effect has been also described aye Muelle | 


against external conditions. 
(a) Effect of d.c. field. 
If we apply a large field at room temp 


in the direction which would reverse the | 


is of course that determined by external field. 
however, we heat the crystal after removal of fiel 
the polarization decreases gradually, until the sign 


heating, the polarization decreases again and vani- 
‘shes. The reversal of polarization indieates a strong” 
tendency of the erystal to be polarized in a definite Ge 
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Fig. 8. 

Phisegchnes and appearance of ‘‘ permanent polarization” by heatihie and cooling. 
Cae and after the hysteresis loop measurement). 


in an attempt to sepanibntl the crystal. The polars 
ization measured subsequently showed indeed ¢ 
slight decrease, but it began to increase again 
tending to restore the value before pte 0 
(Fig. 9). 
Since it was ‘supposed that the permanen it 
polarization might be especially unstable betweer 
the Curie point 23°C and the kes vanishing point . 
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Fig. 9. 
‘Effect of a.c. field at 17.5° Cu 


3 te) ae a above 93° C. 

It may be. assumed that the remaining ae 
larization above 23°C might correspond to an 
stable state, coexisting with a stable unpolarized 
ate. To examine this hypothesis, the temperature 


ours, at 24°C. 

‘The polarization was observed, however, not 
change a slightest as long as’ the temperature 
is constant. It even increased as the temperature 
a lowered accidentally. The same was observed 
at 25°7C. Thus the polarized state above Curie 


point isa really stable state (Fig. 11). » 


“| «10° Coulomb /ew- Wane ate 


ens Peres Haase SL eer eee! 


Temperature 
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Polarization - 


‘lara i : Time in Min. 
Te AS a 0 hea 
a sa Depolarization by stepwise heating. 


oo 480 200 
Time in Min, 
ah ¥ : Fig. 12. 
larization by hen ivine cooling 


peor? S 
4 ~ 


Vi: perature is lowered seemed to commence at about 
(op C: 


a raised above 23°C, and then stopped for 3 


ally, perhaps owing to internal stresses, so t 


cooling (Fig. 18). ae be 


ee Nees ee Me See? 


“The reappearance oe Molavianeion as the tem- 


It turned out, however, that it began tO 
take place really at 26°C, though the rate of the % 
increase in polarization was very low at high tem- Pg 
perature (Fig. 12). ‘i ies 

To summarize, it was confirmed be these or ; : 
periments that the “permanent polarization ’” 
might indeed be due to an internal stress caused 
by a slight imperfection in the crystal, but it is 
very persistent and cannot be affected by thermal 
‘or electrical influences. It was also confirmed that 
the so-called Curie point 23°C, with which is ord 
narily’ identified the peak point of the dielectr’ 
constant measured by a.c., cannot be associat 
with temperature of perfect disappearance of spor 
taneous polarization. In fact, the disappeara 


of domains seems to take place much more gra 


temperature range extended perhaps from ab 
20°C to about 28°C, although the 23°C would ¢ 
respond to the temperature, at which most of t 
domains loses its spontaneous polarization. — 
$6. 


(a) Field cooling. An experiment analogo 


Miscellaneous Experiments. © 


to the magnetic cooling of ferromagnetic mate ial 
were made. ‘The crystal was heated above: 


Curie cps aud a smal] d.c. potential ov) 


room tareerneaes (21.6° C) under the field. ; 


pr ocedure was expected to realize a state, ha 


tioned in section 3 thea is obtained at lower 
perature. The polarization thus obtained corre 
ponds really to a reasonable point inside the hys- ; 


teresis loop (Fig. 4). It was also noticed inciden- of 
tally that this procedure increases the permanent 


polarization contrary to the simple heating ang te 


(b) Effect of large field applied for along time. 
Although at first sight the ultimate state of com-_ 
plete saturation seems to be rapidly attained at 
larger field, this is not the case. D. es voltage 
which is ‘much greater than the minimum voltage 


for saturation was applied to the crystal and the | a 


“CY before field cooling . 
(2). &tter field cooling 


100 
Time in Min. 

Big. 13s 
Effect of field cooling. 


Sa 


was spe? Ee for several hours. The - 


: . =n ay) or opie Py Ate etary 


‘s 


emperature and subsequent. heating above 


Time in Sec. 
my 14, 
ms ‘Time "dependence of after-effect current. 


fei 


e. S.U. ae rose was” 5 wend than the sa 
ordinarily obtained from hysteresis loop of 

steps, 585 e. s. u. Thus the ordinary value” of 
saturation obtained from hysteresis loop is no’ 


of all domains.. 


§ 7. Summary. 


(1) Our eoankts show that the form of. ‘the ; 
hysteresis loop is dependent on the velocity of : 
variation of field (the frequency), ,and the loop b 
comes thinner as the velocity is decreased, but it ' 
never collapses entirely. |The coercive force is 
therefore’ not a sharply defined constant. The { 
dielectric after-effect is especially large in weak 
fields. -  - : ‘ e 

(2) A real crystal of Rochelle salt always pos 
sesses a non-vanishing polarization i in virgine state, : 
that i is, when it is cooled down from above the C ie - 
point ‘in the absence of field. This spontaneot S . 
polarization is quite stable against external field 
(direct and alternating) and has always the same 


_ sense each time it is cooled tnorn above the Curie 


point. : : 
(8) The Curie point, defined as the tempera- 
ture of the vanishment of spontaneous polarization ‘ 


js not a sharply defined point located at: 23°C, but 


is distributed rather broadly between n about 2 
and ser ie Zz 


¥\ 
ie 


advices. f 
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- Introduction. 


‘ 


‘The properpties of the conduction electron in 

the metal have been treated by Sommerfeld?!’ using 
“the Fermi-Dirac statistics, and with the approp- 
ate quantum mechanical suppliments this theory 
ould explain | very well the experimental facts 


7 


oncerning the ordinary electrical conduntion, the 
agnetic susceptibility and the thermal properties 
f the system. Inspite of these success, however, 
_ the phenomena of the superconductivity “which 
° curs in some metals at extemly low temperatures 
could not be predicted by this Sommerfeld theory. 
0 n the other hand, the main role of the condue- 
tion electron in this phenomena has little to be 
doubted considering various experimental facts(?) 
id their theoretical analyses.() 

‘The origin of this discrepancy may be eteributed 
to ‘the nature | of the approximations made in the 
4 any authers. It is essentialy the one-body ap- 
rons are taken into account to the Hartree-approxi- 
mation. Many attempts’) have been made to 
i“ rove this point, but on account of unsurmoun- 
le difficulties in the treatment of the many 
ody problems, we have no definite solutions of 
thi: problem up to the present time. 

In this article*, we give a theoretical attack 
this problem along a line somewhat different 
We modify the 


i ry Fermi distribution function by introducing 


‘ m those of previous authers. 


i between the electrons. near the Fermi sur- 


ake Statistical Mechanical’ Teeemont of Conduction Electrons. . 
An Attempt to the Theory of the Superconductivity. ‘ 
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§2. The Partition Function oF the Sy 


a) Energy states. 


- metal has the following form 


mmerfeld theory, as has been pointed out by 


-oximation and the couplings between the elect-. 


the periodicity of the lattice, and indicates t 
atomic energy state from which the conducti 


ing), so the electron has no localizability in the 
cooperative interaction in the momentum 


- in the momentum space, or in the same sence, — 


reasonig, we get a special state for the electron i 
system, which is stable below some. specified tem 
perature. We consider this state as the Super 
conducting state of conduction electrons and calcu: 
late the jump of the specific heat of this sys mee 
at the transition temperature. The formula c 
this jump of the specific heat is essentially e 
to that which has been derived, by Kok from. 
nomenological standpoint and agrees very well: wi 
the experimental data. We can not enter here 


the trasport so a of our ena but 


“model will be given in the aoe Paper. 


tem of conduction Electrons. 


In the one-body approxim ion, 


the wave function of the conduction electron - 


Pk, n(r) = exp(ikr)we, alr) 


where r is the position vector (a, y, z) and k. 
wave number vector (k,, ky, k.). k’may be defin 
if the Born-von Karman boundary conditions are 


used in determining the function (2.1). Uk. n B 


evel are originated. 

The functions (2.1) are the plane waves modu 
lated by Uk,n, Which extend all over the metal 
specimen (we take its volume as V in the follow-— 


configuration space, and we must designate — it” 


in the wave number space. The energy of these — 


waves depends upon k, 


En =, €,(k) (2.2) 


a the superconductivity. 
ws In the simplest case, vk. n is a constant, so that 
p  weget a free-electron-type wave function for which 


the energy is expressed as 
k= {kl 


here fi is Plank’s constant divided by 2= and m 


the mass of the electron. The Sommerfeld 


: __ theory corresponds to this case, and, owing to the 
Pauli principle the states of Horror’ at 0°K fill 
sphere of the radious ry = kas 9 in the wave 
‘space. ‘To the. next approximation the 

e mass “om = 0°e/0k*) of the electron is 

y used instead of m. m* is essentially the 

on of k& but its precise form will be very 

cult ‘to obtain, so in the following treatment 


sume rather: arbitrarily a certain values for 


The specification of the model. The metals 


ecome superconducting, at sufficiently low’ 


m| eratures are’ all multivalent, so it re be 


B flouin zones will occur and the dependence 
he energy on k will be very complicated near 


poe of the distribution is situated . 


Pefgin’ icbitioal surface (\kl = = aaoatae near ne 


me. ermi ‘surface, than for the eleetrons in the other 
‘Part of the Fermi sphere. With these assum p- 
4 it ions we proceed as follows. 


The partition function of the system. The 


4) - rs 
2 Nyt oe 
B= WkT 


2M = 


the ieee 


density, ey is “ibe. ee. s 


and the summation is to be taken over all ue 


values of 


N;’s under the restriction of (2.4). F 


this partition function we can derive the u 


of Ni. 


P 4 io | 
In the present case, we modify (2.3) as 


4;! on 
_ Ni(4— A Bae v7 
A! 


al oak Ny alte! Goal Ga 
“1 N)(4.—N))! 


ie ti : sy 
DS M+5N. = N 


corresponding to’ the assumptions above mention 


Here we have devided the system ‘into two par 


‘in the momentum space, in one of yea ial 


the Sazerone may be assumed to: be approxim 
Dy the Sommerfeld ‘model but in the other part 


(I+—o) some interactions between them pecor 


more important. This interaction term is expre 


by Ux(Ni+, - Zh whereby another approximat on. | 
is’ made that it is determined by the num 
the electrons which is in the neighbouring s 
in the momentum space. The critical eye 


Jt chosen 


to be closely near the Fermi surfa 


present purposes. Proceeding in the usual man ni 
we get the following distribution, .— 


Ni= 


Ni = 


: A, 

Atexp(a+Aer) 

A a ie a 
1 br ereh Ber +80 NEAER Bh 


sean for. ie we get 


my zee 


1 
x2 da 


3y >) 
m2 yi Lfexple—c/kT) * + Oe 
aay (20): 
i 2 fBNYS 
af : sat a 
setting 
. r ; 
aah 3 kT\ 2 {= . 
= N; ’ N, ae SEF 7} 
yf a ra 2 N( ra oe 
es 
*"} fexp(a—C/kT) ey 
ay eo write (2.10) as 
a d 
kT waa tee Me 
:. _N-W-N) = $u(E) ae 1-+exp(w—c/kT) _ 
4 (2.12) 


Because of our assumptions, we may consider, as 


Np > N.—N, and E> kT. This means that the Ferns 


eX degeneracy of- the conduction electrons has not 
been affected seriously by our special modification. 
“So we ean expand the right hand side of (2. 12) as 
= Sommerfeld theory and get for ¢, 


(218) 


nl 2 Tas 
Tw! a ORI Ta at 


Jars Sra canes AED 
, NN, 


sumption (2. 15) means that the interaction 


“distribution. 
Williams approximation in the theory of alloys and 


vel density formals of x 


, that the seecive mass** of the electron i 


aK special state is different from’ m in the expr 


‘previously and in our ease it may be cons 


_ electrons which enter into them. We set | 


s Gp eereee ae. st 
go is the proportionality pons fo 
iad is of oe nature of the ‘coorperative . 


is 3s equal to ae 


i eae x! a. ; 
1g ‘these special levels | over the normal Fermi — 
This will correspond to the Brage- ah 


Ns N,)/N plays the role of the order- disorder 


parameter in that theory. 
So it results. from (2.13) 


1 ee 


T L+exp(e—{6,—S}/kT) |e hes et 
° ; yy, 
where 
oe a 5 id eee 
Cr = Mo ae an ’ = ep—G, eases Re: 


of »,, 6 is a function of the en rgy as rema: 


to change its value with the degree of the 
occupation of the special states, since the e 
of these levels change with the number of 


when there is ho excess occupation and -6 = 6 : 
the case of maximum occupation at absolute ze o 
of the temperature. | 

__N, =N;*, and N, = 0 at T=0, , 
corresponding to our assumptions, so we get fi 
(2.8) 2 ae 


Concerning ¢;+, we set as. 


Shien A aye? suey 
a Hot (SP Aio—1) Ho 


a ackay| (24) aay 


masses of the electron ‘may ‘pe regarded to, differ 
from the effective. mass which is estimated from 
the electronic specific heat formula for the metals. < 
This may be seen when we consider the approxi- Ne 


mational oe used in deriving that formula. xs 


he LE we write: this effective mass as md, 


os 
ae 3 


‘ Pp Pe 


me age Viatiap determine , as ae tation =e e 


The Transition Point. _ 


will easily be seen that Eq. (2.16) has the 
h tion for all temperatures. Below a certain 
ature, the non-zero solution for € is obtained, 
is to say, there exists a branch-point-singu- 


y for ¢ at that te dence Since the state 


~_ exp(w—S/kT) 


c U+exp(e—G/kT)F > oe . 


* eexp(e—C/kD) [exp(e—Cy/kT)— 1) i die 
+ exp(a—6y/kT) 


axplety/ kT) 


¥) 
OFexple— cP He as 


ae zai a Fde 
see exp rep (e— GHEY) = 


At 


Rei 
A serie aie aes oa 


a & (= 1,1) 
\ 


¢ 


For our present bak ees we need further 


in the thermodynamical ‘sence. This is expres 1 


as 


a. 


And we get 


Ho N* yo 4 2 ss Re m kT, W * 
kT, N iG, -3)43 (1--)} aa RD ee “GS 
: : ‘ : is a9 

This is the condition for the continious changeigs 
the entropy at the transition point. __ 3 tg 
From (3.3) (3.4) the parameters N;* and ¢ are 


‘ \ 


expEcece by T, and 8), Oy. 


BORE seis BIOs 
Ns Bacar ) 28, —46,—26,8, 


(kT Obs 
me Hy 20, — 9 “25, 


§ 4. The Discontinuity Orie Specific 
Hleat,. *"; , 


The phase change of the ror order Eye me. 
the discontinuous change of the second derivat 
of the thermodynamic funetion with, ‘respect Lo 
independent. variables. In our case, the analysi 
shows that at 7, the following relations, bet: 


‘the s-state and n-state are introduced. 


4¢= = Cs—bn = Oe A 


4S = S,;— sie a(S) = aan my 
ee s 


_ where S is ‘tbe entropy of the system. The dis- 


continuity appears in the dle heat and we 


caleulate this by the formula 


Paton y= (25) = oA). 


The difference between Cy and C, can ot 


_ By lengthy but straightforward ealeule 


from @. 1) and G.6) A 


: ¥ ye ae 2 eT. pee BS ; 6 
"AES Sing sire amare 


nsidered to correspond to the experimental curve 
own in Fig. 3.. The entire relationship between 
and T cannot be obtained from our approximate 


as 


a becomes 1, so we get 


x? HET, oC. 
AG: = — = = : 
c = BT, ( aT ) =5r (8.9) 


4 “where 7 is the constant which appears in the ele- 
a: Vetronic: specific heat formula in the Sommerfeld 


f peony that is 


* ry a? 
If we set 6, LP in (3.7), the factor ae 


' more precise calculation of the energy state of tk 


’ culate the magnetic behavior of our system. 


Table I. 


» AC obs | 


—eal/mol | AC by (3.9) erg hmolets 
Hg, 0.00835 | 0.0087 | 0.881x10-” 
In _ 0.0020 0.0026 | 1.116 
Sn | - 0.0024 0.0023 | 1.444 
Pb! 0.0088 0.0117 | 0.5557 
TI | , 0.0014 0.0018 | 1.2043 
Ta 0.0104 | 0.0193 | 0.2048 

0.144 0.1248 


$5. Conclusion. é y 
‘ ~ Our present treatment follows along t 
of the idea in the theory of the collective elect 
ferromagnetism presented by Stoner and Hiro 
Miyahara, and uses the conception of th 
field in the theory of the order: ‘disorder phen men. a 
in the alloy. We think that our simple mm 
the special state of the electron system ean ( 
the long range order in the momentum space wh 
is considered. to exist in the system of the 
rons when it is in the superconducting 
shown in F. London’s recent paper(). Our mo! 
will also be convenient for the explanation 
super-transfer process in the superconducting st 
but its treatment will be, left in future, since 


electron in the metal will be neccessary for 


purpose), In the next paper we intend to cal 
CT 
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“in ntroduction. 


‘method of re) ee diffraction ts been 
ever since the days of its discovery, to 


ay of corrosion of iron immersed in salt 


as rhe Aaa lepidocrocite. This rust 


sae off in a water jet. 


apted of two strong rings besides which only 
faint ond obscure | ones were present. This 


m. ediate substance tiwosn 7-Fe,0,-H,O and 
by rdride Skee and he denoted this substance 


till longer immersion, a composite of several 
products was observed. 


_ by chance. 


so it was conveniently denoted by the ‘ sharp-ring z 


The ‘under; substance (S. R. S.)”: 


pure iron. As regards the corrosion of cast iron, 
a similar experiment as Miyake’s was lately per- ~ 
formed in our laboratory): The brown rust in 
this case was also 7-Fe.0;-H,0. The examination — | 
of the products adhered to the surface, however, - 
showed two kinds of patterns which occurred sepa- 
rately in some gases, and simultaneously in others, r 

One of them was T.R.S., while the 
other was unknown either in cathode- ray or Xray 


analysis. The latter consisted of very sharp rings, 


The present research was performed to find he 
nature ofS. R. S. ‘and to clarify the relation 


between S. R. S. and other corrosion products of . 
‘a 
iron. 2) a= i r j ee 


ri] 


) aa The Green Rust Ene Piel in an 


ee Experiment. 


of cast iron. : 
hi specimens used in the experiment were 3 
d from the electrolytic iron which had the - 
of 99.98 % Fe. They were small discs of 4 
in Bineapicr and 1.5mm in thickness, having 


aces abraded with an emery cloths: < Riken 
Hundum BO”. They were placed at the bottom 
f a test tube, whose diameter was about lem, 
“and which was filled with an aqueous 1.7 NaCl 
4 solution to a height of lem. The temperature 


immersion. The diffraction pattern of this | greer 


Thus, S 


_R.S. was concluded io be the green rust of iro 


rust was that of S. R.S. in every case. 
ring the immersion was 25°-29°C. After a cer- 


a e ain period of immersion, they. were taken out and 
_ washed vigourously in a water jet to remove the 


and neither peculiar to cast iron nor due to i 


purities. Aba iv an 
This rust was cone to 7-Fe,0; -H,O 


rown rust which ‘covered the surface, and desic- 
ated as rapidly as possible to be examined by the 
raction method. 


Table I. The substance on the surface when the corrosion takes place in an oxyze fOOr | 
i removed of brown: rust. - condition. Its formation on the lower surf 
e Immersion haar Pia Nl } ' specimens might be due to this Facts: In this” 
a period 0.5—3h | 3—25h 25—-50h_ that nection it. must also be noted that our vesse fies 
i: Substance : on aad loyed for i immersion was a test tube while Miyak 
T. R.S. ; -@ @ | 1 0 was a shallow vessel.. In order to check 

T-Fe,0; ‘ Di 1 | @ 1 perty, specimens were immersed in an 0 
‘a mompnalte 9 ene : 1 poor salt solution which had been boiled pr 
a ed ¥ Me 3 # dit c to diminish the content of the dissolved oxy 


The siraction Apparntie Bmp in this whose surface was covered with liquid par: i 
experiment was of a horizontal type (RikGene type) prevent the intrusion of oxygen. 
having the camera length of 30cm. The accelerat- _ corroded under this condition showed the p ten 
ing voltage of about 30 KV was applied to elect- of S. R. S. in most tases though the gregn. 

4 ‘rons. 3 
' ie total, ‘15 specimens were examined. The | Tous the formation of the green rust in an 10% 


esults are summarized in Table I, in the same poor-condition is well confirmed. . CNS 


nner -as in Miyake’s paper.. The column on the 


The Rit Noted’ bs sia 


mbers in- rgb identify specimens on wien the According to the general conclusion of a mr 


ti represents the substance on the surface. The §3 ci 
responding substance was formed ak an im- number of studies, the Be. CF corrosion of ir 


- same ‘trend as: ‘Miyake’ s result except in the pass between different ae of a metas ee 
t row, where two specimens showed the pattern Such currents may be generated by local differences ad 
ioe of: physical and chemical properties in the metal, — 


=! 


v 


although they are frequently connected with dif- 
ferences in the oxygen-supply to different parts of. i 
Afterwards, it haze - the metal. However, the exact method of the : 

generation of currents does not seem to. affect the ~ 
: Kea ‘on the lower surface, ‘which almost con- formation of corrosion products seriously. There- ere 


bottom of ‘the vessel, after one day’s fore, in order to simplify the complicated circums- 


272 
tance, the corrosion accompanying electrolysis was 
examined. The equipment vsed for electrolysis is 
shown in Fig. 1. Electrodes made of pure iron 
were immersed in an aqueous 1294 NaCl solution 
which was contained in a beaker. The anode had 
a hole in the middle of ‘its plate-shaped portion, in 
which a specimen for electron diffraction was in- 
serted. The latter was prepared in the same way 
as in $2 except ‘the finishing with a finer emery 
paper (00). 
water jet, dried with filter paper and brought into 


After electrolysis it was washed in a 


- the diffraction apparatus as soon as possible. 


shown in Table II: 


pitates in the solution. 


' between the electrodes. 


The ¢ rrosion product adhering to the anode 
surface varied with the current densities. This is 
At small current densities 2-4 


mA/cem’, the rust was mainly T.R.S., and some- 


_ times a trace of "r-Fe,0;-H,0 was observed. On 
the other hand, at large-current densities 20-45 ' 
e. the green rust in 


it was S.R.S., i. 
almost every case. A faint pattern of T. R.S. 
overlapped on it generally. No noticeable change 
of the pattern was observed, although. the period 
of attack was varied between 0.5 and 10min. The 
two species of rusts, i.e. T. R.S. and the green 
rust, obtained in this experiment, are the same as 
those described in $1 concerning cast iron. It is 
important that the formation of the two species 


mA/em’, 


"was controled ‘by giving the current density in the 


present experiment, while it was by chance in the 
immersed cast iron. 

During the electrolysis, besides that adhering 
to the anode surface, rust was produced as preci- 
At the first stage a green- 
ish white colloidal substance appeared in the space 
It rapidly became green, 
and settled down slowly at the bottom. of the 
beaker. This rust was also identified with S.R.S. 
by the diffraction method. 


Table II. Corrosion product adhered to the 
anode surface. 


“——__ Current density 2-4 5G 20-45 


Substance | ~~~ |MA/cm?|mA/cm* mA/em’ 


T.R.S. 1 1 0 
T.R.S. +small Amt.} * 

of 7-Fe,0,;-H,0 — ©) 0 0 
S. R. S. +small Amt. 

of T-Fe,0;-H,0 0 ® 2 


S. R..S. 


Hide YOSHIOKA. . ; (Vi 0 | 


$4. Oxidation and Dehydration of the 
- Green Rust. 
The precipitate described at the end of the 
last section was very voluminous and accumulated 
in a great mass when electrolysis was continued. 
The upper part of the green precipitate turned 
yellowish brown after an elapse of time, the con- 
verted rust being proved to be t-Fe,0;-H;0 in 
accordance with the result of §2. This conversion 
to brown rust extended to the whole precipitate, 
when the amount of the latter was small. How- 
ever, when the amount was comparatively large, ” 
the lower part of the precipitate became more 
compact and darker in colour on standing, and 
finally produced a black granular substance at the 
bottom. This was proved to be Fe;O, or 7-Fe,0; 
by the diffraction method. Although they cannot 
be distinguished by spacing, it is surely Fe;0,, 
because 7-Fe,0O; usually has a reddish colour. 
The green rust remains unchanged in vacuo at 
It turns into the T.R.S., 
when it is dried perfectly in vacuo and then ex- 


least for several hours. 


“posed to air. 


Since the green rust is considered to be an 
earlier product of corrosion than the brown. rust 
r-Fe,0;-H.O, 
kind of oxide. 


it seems to be a hydrate of some 
In order to find the corresponding 
anhydride a dehydration experiment was carried 
out. A simple vacuum furnace made of silica tube 
was used to prevent the oxidation of the specimen. 
The pressure in the tube was reduced to 10-*-10-4 
mmHg. An iron specimen whose surface had been 
proved by the diffraction method to be covered with ; 
the green rust was heated in the furnace. After. 
10 minutes’ heating at 150°C the diffraction pattern _ 
revealed only three rings, preserving none of S.R.S. | 
Furthar heating at 350°C for 15 min. made the pat. 
tern sharper and increased the number of rings. — 
These spacings and intensities are shown in Table 4 
III. Comparing them with the X-ray data, which 
are also shown in the table, it is concluded thathe 
the substance is mainly FeO, though the obsexseli 
lattice constant is a little smaller. This decrease 
of the lattice constant is inferred to be due to the 
presence of 7-Fe,0;. This result suggests that thei 
anhydride corresponding S.R.S. is not a simple oxide ~ 
such as ¥e,0,, but a mixture of FeO and 1-Fe,0;- i 


7 Fe,0, Giray) 


"Feo D Cray) 


aAe sede ate ees SS 


dant. ‘Index x é ta Int. aa Index | \/d 
vs | au) os | {Wea 
VS. (200) 0.468 M. | (400) |’ 0.478 
; (0.678 |. VS. (220) | 0,680). V.S. | (449) | sh 
= ite — | = : wep 
obs. 350°C. 15 min. | | FeO (Xray) | . 7-Fe,0; (Kray) 
VW. Goer en oe paceet Ena a en ea Cac 
eee) Oecd | VS. [12 Sti) ey a nee tam era 
Be VS. | 047 | VS. (200) - 0.468 9 iM. (400) 
eyver, |. 0.028 Sf : pans, OME PeBEL) . 
a eee fe iere oh ovg. (220) 0.660 | VS. | (440) 
ew. 0.784 | M (311) 0.774 ww. bee ead 
mo Mey): 0.829 YM. (222) +7 0.808! I V.W. (444) Y 
ee We i 0.965 PW. OQ eh. 50.9860 Wan! (800) 
. WM. 1.072, «|. W. (420) 1048. 4. VW. (840) 
BWM. | 11% | WieM. |: (422) 7 1145 | Ww.M . (844) 
ee was considered to correspond tS the green ru: 


~ §5. Discussion. 
a3 the content of combined water in this cor 


The green rust already attracted the interest 


4 y of several chemists who studied the corrosion Olnen Res O. 

De ; 2 

a iron. However, owing to its instability, its chemi- horace d wean takes place two 7 
.. cal’ formula has remained uncertain till now. As — ihe fest way: it turns; directly i tae mo 


a - 3 

M4 it is ‘considered to be a ferroso-ferric body, A. of Fe(OH), This Fe(OH), er yatallizes 
7 Girard ®) assumed it to be simp’ y Fe;0,- -H,O, but faptasat Fe,0,-H;0 (lepidocrocite) in 
cy, this assumption contradicts our result of the de-' contrast to the case of direct oxi dation. 


e hydration experiments. a eg . - second way, it changes to the neutral f¢ 
oe Ammons other opinions, that proposed by. E: ferrite, namely magnetite, Fe,O,, accotdin to t 
Deiss and cS Sehikorr (® seems to us most reason- following equation. ea 
able. They explained the oxidation of Fe(OH),, the _ ent ts Ded . 
primary ‘corrosion ‘product of iron, as follows. Fe yon 4 Fe(OH), ~ 
When Fe(OH), is oxidized, Fe(OH); is formed as a No Fe(OH): . 
direct product. This Fe(OH); crystallizes as the ee —Fe(OH), 
form of Fe,0; -H,O (goethite); Schikorr() con- ig BE Fe 0 Fe(OH 
firmed it when the oxidation occurred rapidly. How- 
ever, in the case of slower oxidation, i.e. a poor 
supply ' ‘of oxygen, they inferred that, when a part 
of Fe(OH): is converted to Fe(OH),, it reacts with 
e remaining Fe(OH), since the former is basic, 
"whereas the latter is ‘strongly acidic. This process 
n be “separated to two steps owing to the two 


valencies of Fe(OH). The first step ise phi, een SE kes sesileah 
oH : Fe(OH), S = r-Fe,0,: ‘H, OQ. ‘athe 
SY. i Owe, Breen rus nd pat 
(0, -FHOHD, + Fe Te o- Fe(OH, x ee ze Slowa> Fe,0,-+ 3rd path. 
f this weitians a basic ferrous ferrite, Deiss and Schikorr were unable, because of << 
sig erik ( ‘ é shee 5 
a i 


‘the ah rust. hail the peepee oF eC: Fe, 
So Oe nH,0. Their scheme, however, is very suited 
to account for our observation on = oxidation of 


‘the green rust. 
Laer) 
The composition assumed by them is well sup- 
port by our dehydration experiment which showed 


‘ he Be Peon anhydride is a mixture of 


rystal structure of the green rust, which 


ae ie in the next paper. 


nee corresponds to the second path of 


Ox ‘dati ion in Deiss and Schikorr’s lear ei Also, 


servation in §3 that the lower part of 


| rust converted black magnetite: is in 


imperfection. Now, since Fe,O, has the 


ame structure as r-Fe,0;, T.R.S. is also 


tal Fe,0,. In the case of immersion the 
e t interpretation seems to be reasonable accord- 
oe and Schikorr’s scheme. 


sist of the green rust to T.R.S., when 


‘ 


‘adhered to the skeleton of ‘undissolved graphit ey 


ineapable ae explanation by Deis a 
scheme, because it occurs ina dry. state, w ¥ 
their scheme dale with reactions in solution. ; 
result seems to indicate that, when the green rust 74 
is in perfect desiccation, the oxidation simultane-- 1 
ously’ causes decompositions to ‘small crystallites’ i} 
of r-Fe,0; or Fe,0,. To. which of. the two the : 
observed T.R.S. corresponds cannot be determined 
in this case. a a 
The result of the atadeinene of electrolysis ; 
that S.R.S. and T.R.S. are produced correspondin 
to large and small current densities, is” explained 
as follows. The primary product Fe(OH), i increases 
with current density, whereas the oxygen-supply- 
to the solution is constant. This causes the def- 
ficiency of oxygen at high current densities, allow- 
ing only the first step of oxidation, i.e. the forma- 
tion of the. green rust. When the current decreases, 
the relative amount of oxygen increases so that the 
next step of oxidation occurs, resulting in the pro-, 
duction of Fe;0,. The observed T.R.S: seems to ; 
be the small imperfect crystal of HEs0s as in the. 


’ ease of immersion. When the oxygen content of | 


the solution is more plentiful, the formation of r- — 
Fe,0;-H,0 may also be possible, a trace of which rt 
is really observed in the experiment. mf 

This ‘explanation of the elenteolvcis experiment | 
gives some information on the peculiar behaviour” ‘ 
of cast iron described in §1, i.e. the, existence of 
the green rust. In cast iron, the | “graphite flakes 
seem to function as the. cathodic parts of. Jocaly 


cells, 0 ‘so that the scale of the cell is much smaller 


‘than in the case of pure iron, in which the distri i 
- bution of anodic and cathodic yarts is determined . 


by the differential aeration principle. This anaaa c 
cause high current  HODAIY, if the electromotive: 


bea 


fomming a near layer over the pees. the ss 


surface. 


-danee and Prof. ‘Ss. Nishikawa. and Dr. S: Miyake 


% ? for Basins helpfel advices and encovragements.- 


Reteence. 


n ‘the corrosion tof ent iron was identified with 
e green rust of i iron. Itis an unstable substance -- (1) G.P. Thomson, Proc. Roy. Soc. A, spt (193 


the presence of oxygen. Its Chemical. changes. ~. 941-3. J. Cate, Trans. Faraday Soc., seh 
_wet state, in. dry state. and in vacuo at high ee 
_ temperatures were traced by means of electron ~ (2) a SURE) Seaclene 2a) eiiea ord 36, (980), 
ffraction. The results agreed well with the as- (3) Be Uyets and H. Yoshioka, pe Acad. Ja 
mption of Deiss and Schikorr on the oxidation of , 340. we 
Fe(OH). Above all,-the chemical formula 2Fe0- (4) ap R. Evans, Metallic Commctinn Passel 
4  Fe,0;-H,0 is supported. nae Protection (1937), p. 171. pe coe 
¢ The corrosion accompanying Pectisiyis was (5) A. Girard and Chaudron, Comp. Ren 2 
also examined. From its result a possible explana- Ce aes 
- tion of the peculiarity of the corrosion of cast iron BY Saar UN Et) anor. 
- ss Chem., 172, (1928), 32. 
was also given. Cer cece hae Nec t (7) G. Schikorr, Ibid. 191, (1930), 22 : 
In conclusion, the author wishes to express shi (8) U.R, Evans, loc. cit. p- 482. 
% sincere thanks to Prof. R. Uyeda for his kind gui- (9) U. Rs Evans, loe...cit. P. 167. 
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; “oH On he Abnoriwal Intensity Distribution of OH Band. 


Ve 


i 3 ie * - By” Masayoshi NINoMIA. 


ss aitheaiey of Science, University of Tokyo. 


Bons Na Jan. 22, Pee 
tal y Perk ca intensity distribution of the OH bat in ives in 
Sok Introduction. —— ee S discharge can be expressed aproximately | 
‘It has been. eM known since K. F, Bonhoeffe. to the emission of the mixture of. two mo 
and TG. Pearson’s s experiment, () that the relative | groups in the thermal equilibrium at 600 
intensities of the rotational lines of the OH band ~~ at 8000°K respectively. Horie and Nira! 6) 
excited by the discharge through water vapour pointed out by caleulation that there are tw 
lo not. correspond to the Boltzmann distribution sible mechanisms of the simultaneous dissoc 
f the rotational energy, but show the existence and excitation in regard to the electronic t 


a OS more molecules i in the higher rotational states tion, namely, 


fo eae : ee 
H,0 5 H,O*('A,) > OH*CS)+H(2S) 


and ae aes: 
i paneiglt 


: 

H,O > H,0*(?B,) > OH*?3))+ HS) 
in the former OH molecules being turned deat aa 
into lower vorstional states and in the latter, into ag 7 
higher ones. For the confirmation of this theory, — * 


however, a further experimental evidences are de-_ 


ms. We can then expect, that the inten- 
ition changes with the velocity of ele- . 


‘om of Ni eatae ae a Faraday cage, w 


water 


grids was made ote so as to. be ahortcekt 
mean free path of electrons. The light ie ed 


from electric field, was nas on the s‘it of 
the Hilger EI spectrograph. The time of exposure 


_ was 4-8 hours. 


Under he conditions above-mentioned, the. re- 
sults. in various electron energies are plotted?) 


a log J/i~B’K'(K’+1) diagram, Fig. 1, where I. 


means intensity, i, the theoretical intensity wee py 


,and K’, the rotational quantum number of t 
upper state. Because the value of log J/i for six, 


principal branches must be equal, as indicated by 
Lyman"), the mean value for the unoverlapped lines 


among Q,, Q.,P;, Ps» branches are plotted. The 


relation is not linear and it is shown that the in- 
tensity distribution in rotational lines does not 


change with the energy of colliding electrons. Thus | 
it is difficult to consider that two mechanisms (I) _ 
and (II) take place and contribute to the inten- — 


sity in the same extent. It seems. _ unnecessary - 


to consider the mechdnism II, besides I, as Nira 


has indicated that the relation between the transit 
_ tion probability of (I) and electron energy obtained 


by theoretical calculation agrees almost with Haya-_ a 


kawa’s experimental curve. ~ a 


The number of molecules OH in XK state, r 4 | 
does not vary with K/’ from K/ 6 to 20, 56 shown ¥ 


in Fig. 2, since (2J7 +DI/i is equal to n. ” ‘This re- 
lation was also indicated by Wakeshima®, but in 


his data the lower limit of nitvatied region was 1 


instead of 6. This r reason will b agree betow Ve 


(St 


=n 


Fig. 2. ‘Tog a Ii~ 


— ss 


a 


ie ome 


{ 


Electron current 
ath ee: 3. Intensity ~ Current in 
electron impact. 


z: » High Frequency discharge through. HO and 
dO 


ithe: discharge in a silica tube of 6mm diameter 
nd provided with two external electrodes. For 
he excitation a short wave oscillator was used 


‘The water vapour was let flow through the 
discharge tube and the pressure was controlled to 


ater. “The (0. 0) bands of « H and OD were photo- 


ng (dispersion 0.8 A/mm). 

The © relations log QI'4 Ili ~ BIKMK! +1) of 
the ©. .0) band both for OH ane ‘OD are shown in 
i ie 4, Between K’ = 13-20 for OH and K’= 18-29 
Pi OD, n changes searcely, and the distributions 
_ for : OB and OD are shown in one, curve at ° 
‘BIKNK! + ) = 3000 cm—’. 

‘ At smaller K’, n are not the same for OH and 


but ‘the relations. ‘‘ 


oc etn oo ~ BIKA) 


of molecules at every K state makes a 


The source of the spectrum was Ge ianes by - 


at Us 07mm Hg. by cooling a bulb containing 


phed i in the 3rd order. of a 21-feet concave grat- 


"of the Boltzmann’ s type and the eorrespondin 


“power was 550° C. 


4ooe , 
: BK!) : si 
Beta a 

Number of molecules ~ BIKE £0. ie 

' in discharge experiment 


Fig. 4. 


} Ue 


een. [J +1)I/iJar, means the cons 
at large K, are linear and parallel with 
under the same conditions of the: discharg: 
This indicates that the number which i 


subtracted the constant arhount from th 


“4 


Lon = eh foray 


COD im i: ‘ 
x OH SEE eRe SS 
Hon tn Cela imps 


BKIKT) 


Fig. 5. SFY 
et +01 ‘—L2I+ Dla: pee 4) 
QJ+) pee ST 


temperature is about 650°C. This value of tem- 
perature is not unreasonable, since the Be 
ature determined f.om the intensty distribution of 
the N; band (438054) at the same pressure and 


2000 4ec0 
BK(Ktt) 
log (2J+DJ/i ~ BRK. 1) 
for (1.0) band 


ay Fig. 6. 


e (1,0) band of OH*and OD these re- 
a obtained also, but the intensty 
ll down steeply at K = 17 for OH and 


than in the high frequency discharge. 
f emer the electron current is weak and the 
ree 
OH molecules are ai it seems that the in- 


) and that excited irom eating OH in the 


_We shall designate tt the former as 


BE(K+1) and at large K (hina 


i kT 
a be negibly small acripared: with (Ix)ai. due 


he direct excitation. But at small K (Jp)ina- 


ee tional-to — 


Since 


~ current ¢ shiuld not be linear. 


“Bapided the reason iendiahedt in section ILa, 


indicates also that only the process {I} should t 
place. How many molecules are produced in e 


K state, is determined by the potential surface of 


the unstable H,O*('A,) and the initial motion of 
the dissociated H. atom. The angular moment 
Ki of OH is given by the equation. . 


(khy 
2Ma* (1455) * me 


where E means the dissociation energy, p the col-_ 
lision parameter, @ the distance between O and H, — 
In order that — 


M the mass of the hydrogen atom. 


“the simple aspect of the rotational distribution of 


OH is to be produced in K = 20, E must be larger 


than 0.8 eV. while Nira’s caleulation gave E: 
0.5eV. This discrepancy may be due to insufficient 


approximation of the calculation. 


In order that the OH is produced in the higher 


sociated H atom should be restricted in narrower 


vibrational states, the initial conditions of the dis- 


domain than in the case of the zero vibrationa ; 


states according to the’ symmetry, and thus" ‘the — 
lowering of the upper limit of K of constant Me 


is understood. 


A part ‘of the thermal rotational . energy of 
H,0 changes into the rotational energy of OH*. So ! 


even at K’/ = 21 the intensity is not zero, and 


fact it is stronger according to the temperat ure t 


becomes higher as is seen in Wakeshima’s work, 


When the intensities of the se li 


Because the dens 


0 of the free OH molecules, [OH], increases in f ‘pI 


| a0. a octtOl- -nonrno, 


OH] 
t 


= 0 in case of stationary | 


i 


ye : I= A[H,0]C+ B[OH]C 
= A/C+BICR, 


. rherefore, at large K, where only the first term 
c corresponding to the direct excitation is effective, 
i he intensity should be proportional to the current, 
ut at small K is‘not so.’ Since in Wakeshima’s 


data [(2J-+1)l/tlar. is equal to about [(2J+ l)I/i]ia - 


; ‘BY x (22)? and so 


ag aes ups eS nee arg 


When C is 43, 63 and 81mA, = is 2.84, 3.85 and 
7 37 respectively and concides, to his experimental 

values: 2.2, 3.9 and 5.4. In his report the values 
if at large K are not in table, but he has stated that 
a the i increase of the intensity against the current ‘at 


oy 


_large K is slower than at small K. In our experi- 


_ ment of the electron impact where are a little © 


_ amount of free OH, concerned, the intensity of . 


4 3 the band head is proportional to the. current. 


ait we assume that the excitation probabilities 
4 bof H,O and OH are equal to each other, the. ratio 
; as gee number of OH to H,O is given ne 


“se J+ Vd/tina -[TCT+ VI/t air 


dis 0.04, 0. 4 dnd. 1.2. in the case of the electron 
_ impact, Wakeshima’s data and the high frequency 
discharge respectively. In the high frequency dis- 
eee the ratio is very large, but not unreason- 
,,as investigated by Rodebush and his collabor- 
ors, (11) beeause the life time of OH is long and 
current density is large. — 
‘Since the density [OH] does not Loan with 
: th e pressure of H,O approximately i in comparative- 
| iy low. density, as indicated by above introduced 
- ation, the ratio of the intensity by the indirect 
itation to that by the direct excitation should 


at K=4 and C= 22mA, ‘then A! x22 is panel to. 


- 
. 


‘be larger under the lower pressure.’ 


§ 4. 


and Sorts ; 


. wishes also to thank to assist. Prof. T. | 


Therefore, 
Lyman’ s experiments\”) are understood qualitative: ba 


a 


ly too. 


Conclusion. a 

The intensity of the OH band excited by the 
electric discharge through water vapour is con- 
tributed by two: processes, 


e 
H,0 > H,0*(1A;) > OH*+H 


e 
OH > OH* | 


and the abnormality of the intensity distribu 
is owing to (I). The proportion of (I) and ( 
ing place, determined by the conditions of: 
charge, determines the aspect of the inter 
tribution. 

In conclusion, the author takes his ‘opp 
with pleassure to express his sincere t 


Prof. T. Tanaka and Prof. M. Kiuti for 


Cy 


assist. Prof: K. Nira for their kind discussio 
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On the Relation between Compressibili 
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1. Relation between compressibility 
and. density. 
a) a 


se ms f the product of density o and n-th root of iso- 
: i 
Eppnesesibility 6 of an organic. Have, aw n, 


value of 6,5. Similarly, if o8» is in- 
pea the ratio of 1/2. hate to 


1. hence it seems plausible to take © 


oy In Table I are listed two 

as a func- 

petinpre and pressure. The units of 

d ‘compressibility a are taken as g/em’ and 
n/dyne respectively in this paper. 

Rao’) has already pointed out, the product 

and 7-th root of adiabatic compressibility 

3 , is highly independent of temperature. From 


analogy of the case of isothermal compressi- 


Table I. Temperature- and pressure- 
_ independence of 87 


¥ (1) Toluene (1 atm.) . 

CTONRREO AMET oo recta teen 

he en? 

73 / > 34,648 

84 1,648 

90 1,648 

96 1,645 

1,645 

1,645 

1,647 
1,647 » 


‘ 


(2) Acetone (20°C) 
Press. B(10-*em- 
(atm.) © iy TEN _dyne : a 
1000 0.8529 | . 55,9 -| (1,515 . 
2000 | 0,8952 | 42,5 : ise 
3000. 0,9288 | 82,1 1,525 
4000 | 0,9554 » 265. J B17 
5000 0,978 21,7 «1518 
6900 0,9978 19,2. 1,522 
7000 '4,0160 | . 17,8 1,527 © 


Se 


=e 


sf ae t 
bility above mentioned, p«7 is expected to be in- 
dependent also of pressure. The data of adiabatic 
compressibility under high pressure are, however, 


too scarce to prove it. 


va. Molecular Compressibility. ; 


As related above, the functions oBT and, most | 
likely oat also, are independent of both tempe al 7 
ture and pressure and are characteristic functions 
of each organic liquid. Moreover the ratios of t 
molecular weight M to BT 7 and RS are, bot 
additive of the molecular constitution. In ot her 
words, the two characteristic functions of a li 
B= M/op7T re bold M/p«7, which the au 


toe to call “ Molecular cider ete comp 


respectively, can be computed by eta 
ments assigned to peaipeg ce? ape or a 


of oe for B, ind more than one e hundre 
twenty for A, including the liquids of such 
licated molecules as tetraline, citral, adipic 


ester, ete.. Among the liquids for’ "which 


was calculated, only one liquid for B and sev for 
A show. appreciable discrepancies | betwe 
mental and calevlated Valens 


' 


“* Qvinoline: 4(C = PORHC = = N)+5(C Orc Ny 
" 4.2(C—H)+.2(Ring) 


In Table ita ee ti 08 6 some examples, orbere 


‘is the extrapolated value to atmospheric pres- 


wre and a is calculated from’ the supersonic peat ea Bond. B 
velocity®). In this table calculated values are G20) 4) 71,07} -1,10,| OH | B07 
aie as the sum of bond increments given in peo O 2,78 | 2,05 | N —H Noe 5,00 
Table II, but it is also possible to. compute them Ca 5 Beane) Sea tale eee 
as that of atomic increments. The calculated values ssn ae ve ; 3, 3 “ 08 

brackets have large disc ies 1 = : PAR | se as 
heehee ge discrepancies from the ex- . C_F | 687 =n Ce N - 

i : see C-Cl 12,55) 1291]|N=0 8,28 

_ (Examples of calculations) = C-Br 15,83 | 15,54 |C=N ater 
. . Car) 19,65. | Ring: ease 


3 Ether : 10(C- H) +26 -©)+2C—0) 


Table III. Molecular compressibility. 


4 Liquids — ' Beexp.) | Becale.) | A(exp.) | A(eale.) 
a _- Hexane (n) : 64,2. 63,6 65,9 si, 65 
as _ Decane (n) is J. , 100,7 101,1 ek apa : 
— ’ Pentadecane eh 148,5 182 rhe) oe 
2, 4-dimethyl pentane ~ Se SR DEOR ae eal. 1 | 
Benzene . 46,7 46,8 hin/49,0 Seen 
_ Xylene (m) \. 65,7 © | 65,6 67,7 
Mesitylene . ’ _— — 76,5 
_ Ethyl benzene 64,6 65,6 67,2, 
: -Tetraline : See = 78,6 
 Inden ce a Wig) a fie 66,4 - 
% ‘Pinene. — eat Yaad ~ Sa acs BBD. 
- ~~ Carbontetrachloride_ Soa 50,6. 50,2 52,5 
Bei 4. Chloroform... ,) 5 0 per4i. 8 41,8 — 44,0— 
_\  Methylen biomide — ft . eae aa dad 41,4 
__.- Ethylen tetrachloride BRB 56.6 U2. 
ei) Chicrobenzene. ©. ees 55,5 [ete ea): te EBG 4 
< -Dichlorobenzene (0) i A ail -- — 65,0 
. B) i -Bromonaphthalene ei sh aay ae ee 83,6 
Butyl aleohol (n) ; Peete ay: 48,5 - -49,9 
“Fon. Propyl aleohol (iso) ae 7 39,4 Be Bey 40,6 
Be. Glycol PBN | fie, 88.4 es 
Boecciycerine hp yh, P68 46,5 47,2, 
. Gresol (m) a. 59,8 59,9 a . 
- Gyelohexanol ts 59,4 59,6 62,4 
 Palmitic acid | (1586) ~~ (161,2 - 
_ Methyl acetate | aA uch Xe 40,7 42,6 
he Ethyl propionate Pea 59,3 Se = 'b0,Ee- 61,7 
_ iso-Butyl cen 68,8 68,8 = 
Ethy! capryiate pate! uy Nhe 2 Sree ue OKes 


a “Liquids . ie (exp) ‘ B (cale.) 
+i ee eet ee ener ee 
_ Ethyl carbonate 
-‘Adipic diethyl ester 
di 4 _ Gerany!l acetate 
‘ _ Ethyl phthalate 
er - Thio - diglycolic diethyl ester — 
Ether 
- Gresol methyl ether (p) 
: Resorcin monomethyl ether 


_ Anisole 
1 Diethyl ketone 
o% « “ - Citral 


(2), it follows 


B = Mjp87 = Vo/® 
volume of liquids, M/o, is the sum Since V, is of course additive of constituting : | 
olume of close-packed state V, and | atoms or bonds, B is expected to be also additive, BY 
r nce provided that 8,, the compressibility in the close- 
packed state, is equal for every organic guid. 
This assumption seems reasonable since the: com: 
pressibility of various liquids under high presst r 
does not differ each other so much as under atmos- 
é acon the ieee < _ pherie pressure™. The independence of 8, on 
: kinds of liquids is also shown in Table Ty, whe 
ay was calculated for several liquids as the re 


of V, to B, using the foleeulne radii taken f from 
em perature and pressure. Combining (1) with | Schaaffs. (5). 


.Table IV. Numerical values of 6,7 as the ratio of V, to B. 
Liquids ’ . me al ; B a Oh V,/B : e 


Bien er tetractloite ‘ 2,088. pa ay hp Sei 60,6. | 0,419 
1,900" |S" a8 sho al oe jaan 
1,990 | 1959" |: 46, 7.50 hn res Be 
2,107 23,6 | 56,5 |. 20,418 
” 2296 10 Set abt ie Opera auiiae 
2,080: |. 237 1 Bag ivlis 


ny 
R= Mv3/o, 
ig a constant independent of temperature and is 
_ an additive function of constituting atoms! or 
g - ponds(?, 
3 density and adiabatic compressibility by the rela- 


As the velocity of sound v is related to 


tion 


ae) , 1 F v ‘ “ 
v= 1fea)?, (5) 
Z it follows 
ti 

tp Mier T.08, (6) 


Therefore it is not probable that & and the 
_ molecular adiabatic compressibility, A = MjouT : , are 


‘both additive at the same time. Perhaps the former 


may be an approximate function of the latter on 


( 


(Ly eve R. Rao: 


' (7) R.T. Lagemann & J.E. Core 


account of following reasons : (1) the. additivity 
can be explained reasonably in the case of mole- ie 
cular compressibility, (2). compressibility is the 
more direct property of a liquid than sound velo- 
city. 

In conclusion, the author wishes to acknow- 


ledge kind advices given by Professor Yoshio Suge. 


Gs 
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. The temperature of the air near a sea-surface 
is. usually. different from that of the sea water. 
When the difference is great, heating or cooling 
of the air takes place remarkably, and in conse- 
quence its density changes discontinuously. In the 
air medium the extraordinary refraction of light 
Eris given, . There are many examples of phenomena 
_ due to such as refraction as just above mentioned. 
_ Among of them vince, mirage and Fata-morgana 
1 are famous in the world, and in our country Shin- 
_ kiro. and Siranui are well known, the fomer being 
- studied by Fujiwara) and the latter by the pre- 
- sent writer). In the study of us, the phenomenon 
a oE “ The Great Billow’’, which was named by us, 


so investigated. — 


The Model Experiment of “The: Peapomcn an of — 
_Sea-snake ’’, 


By Michika MIYANISHI. 
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~ mental arrangement used in our model experiment 


_ of Siranui() was utilized. 


A new phenomenon i.e. ‘‘ The Phenomen 
and it was studied by means of a model ex 
ment by us. The experiment and its result ‘ 


given below. 


Experimental Arrangement. te 


In the preliminary experiment. the. exper’ 


The upper water-tank 5 
was removed and the length of the base metal | ae 
plate was increased 1m. Thus the iron plate of a 
3.5m in length and 25cm in width was obtained. | 1 
The surface of the plate was covered with asbestos f 
and was bent along its length the radius of cur- 


- 


DSA a eat Be Sie Se 
ke 2 Sas Ne eee © mag 
Michlica: MIYANISHI. $ 


sos 


; , site being Bini’ ‘ light source was placed at: 


3 ‘one end of: the plate, and a camera having a lens 

; of, 80cm focus was set at a place detouched 1m 
from the other end. The lens had a horizontal 
g of 1 em width in front of it. 

. Then the metal plate was heated with coal gas 
s and the extraordinary refraction of light 
at the horizontal line of the model was ob- 

~ When wind was sent to the surface of 


oF shown in Figure 1. In the figure 


Beeyevatice being 60m. The thiek 
pie and ‘side vee is 10cm, om) that 


ieoa: Ww vith a metal net falaialt init. The length 
is oom and the width 120m. bs 


it is reduced to about 7cm, sand 


r ‘it. Twelve nichrome wires of 0.5 


m - The height of the camera was varied by 
aaa of a screw provided for its stand. 


a In Fig. 1 the letters A, B,C, AG 
Jase of the lens-at different height 

‘The - ‘straight line drawn from the 

sition D to the surface touches at its 

as shown in the figure. A wind was sent 


an from the front, the side or the inter- 


and water. 


x 


a t 


horizontal line of the model were taken on Fuji 

panchromatic plates with exposures of 1/30 sec. re | 

The Method of Measurement of the me | 

Temperature of the Air near the 
Surface of the Model. 


As already explained the surtface was heated 
by the electric heater. Ifa mercury dikememetie 
is placed near the surface its glass part will ab- — 


sorb the heat radiation from the surface. The 


‘thermometer, therefore, will not show the true 


temperature of the air. In an object to reduce: 
this effect, a thermometer consisted of nickel and 
copper thermojunction was constructed as shown 


in the Figure 2. — 


Eight glass tubes 7 of 55cm in length and: 4 
5mm in diameter were arranged side by side and 
fixed on a wooden plate by means of metal bands. 
Nickel wires and copper ones were put into them: 
alternately, and their ends ‘connected in series. — : 


’ The. joints J, at the: ends of the ‘tubes were ar 


ranged closely. At the other ends of the tubes the 4 
length of the wires was about 25¢m and they were a. 
put into gum tubes G respectively. Both ends of. 4 
wires thus connected in series, were fixed to. ter- 
minals of a voltmeter A respectively, and joint Fie 
was put in to a Dewer vessel C containing ice: ‘ 
By means of a lever the joint Jy was ° 
raised or down gradually at the surface of the: ‘ 
model and its height from the surface. ‘was varied. 
The sre: Js and ar eset eae 
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‘oil was warmed gradually. Then the reading of 
the scale of the voltmeter and that of mercury 
_ thermometer were compared. The result was re- 
presented by a temperature and voltage diagram. 
Using this diagram the junction ;was used as a 
_ thermometer to measure the temperature of hot 
air near the heated surface of the model. In the 
mesurement the height of the junction J, was 
_ varied as 1, 2, 4, 6, 8, 10, 15, 20, 25, 30, 40, 50, 60, 
and 70mm. The velocities of the wind were v = 0, 
1.1, 1.75, 2.65 and 3.1 m/sec. respectively. A result 
obtained in the case of v = 3.1 m/sec. is indicated 
_ diagrammatically in Figure 3. As is seen in the 
figure the curve is nearly hyperbola. This will be 
shows that a mirage phenomenon is given in the air 
'by the refraction of light. The curvatures such 
/ as that of the curve as above mentioned become 
flat gradually in accordance with the velocity 


decrease. 


Températur 


50 


50 mm 
Height 
Wind velocity 3.) ™/cec. 
Fig. 3. 
Result. 


The photographs taken with the camera whose 
position being C, D and KH, under the various con- 
ditions of the wind are shown in the Figures 4. 
_ The temperature of the air at the height 1mm was 
140°C when the velocity of the windv=0. As 
already communicated in the report ‘‘ the model 
experiment of Siranui”’, when the sea level of a 
model was observed through cellular vortex of the 
air its appearance became a regular wavy form. 
While in this experiment when it was observed 
‘through air mentioned above, the appearance became 


a irregular wavy form. It seemed, therefore, as 


if sea-snakes were swimming on the sea level. 
Thus a phenomenon quite similar to that observed 
in the sea near Japan in the Pacific Ocean was 
obtained. We named it ‘‘ The Phenomenon of Sea- 
Snake’’. As is shown in the Fig. 4 the phenomenon 
was influenced by the direction of the wind. And it 
was most remarkable when the wind was sent from 
the front. On the contrary when the wind was sent 
from the side the wavy form became very flat. Ihe 
phenomenon was remarkable when it was observed 
at C, D and E, while became faint at A, B, F'and 
G, and disappeared at I. From this result and 
the nature of the temperature gradient, it was found 
that this phenomenon was dve to the mirage of a 
sea surface near horizon. The direct and inverted 
images of it formed thick or thin lines due to ir- 
regular distribution of the air temperature on the 
surface. The distribution varied more remarkably 
when the wind was sent from the front. Conse- 
quently the form of the mirage also changed show- 
ing the phenomenon of Sea-snake. 

The envelope of the wavy form is slightly 
lower than: the true horizon. Using a comparator 
the difference detected in the photographs was 
measured the scale drawn on the back ground 
being taken as a comparison scale. The values 
thus obtained are shown in Table I. 

As is show in the table the differences are 
very small. Generally they increased in the order 
of C, Dand E. The more the position becomes 
low, the more the difference increases, and also the 
more the phenomenon becomes faint. At the low- 
est position I the phenomenon disappears and an 
apparent horizon is seen. When there was a body 
higher than the true level, its direct and inverted 
images appeared above the apparent sea level 
showing its mirage. 

The phenomenon of Sea-snake is a mirage 
phenomenon of the sea surface near the sea level. 
The difference between the higher points in the 
former and the latter varied from 0.10 to 0.8mm. 
If we represent the difference by an angle 00, the 
distance between tke lens and the image by 7 and 
the diflerence given in the above table by ds, the 
following relation will be obtained. 69 =ds/s. The 
valu 6s — 0.2mm taken as a mean valve, and that 


r = 30cm are put into this equation, we obtain 
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position of the camera C D E 


direction of the wind |v = 0 front oblique | side | v = 0|front | oblique | side |v=0 ‘front oblique | side 
| | | | 


[No.1] 0.18 0.18) 0.28 | 0.11'| 0.25 0.22 0.04 0.14 | 0.29 0.36 | 0.38 0.36 


difference (mm) | No.2 OFS 130 eae Ole, 0.18 | 0.14 Nace 0.28 0.14 | 0.33 | 0.26 | 0.86 0.33 : 
0.28 0.07 | 0.18 / 0.29 | 0.14 0.18 


| | 
ne am |No.3] 0 0.08 | 0.27 0.08 | 0.04 | 0.22 | 
| 
mean : | 0.12 | 0.09 | -0.27 0.12 | 0.14 | 0.26 ) 0.23 0.12 | 0.27 | 0.80 | 0.28 0.29 


pe (endinnn 3. With this junction the air temperature just 
1500 above mentioned was measured. 
OH = Ose =o 4. The phenomenon at the various conditions was 


: ; : i d that t heno- 
There is necessity occasinally to measure the photographed, and it was found that the [ams 


4 . Menon was a mirage of the sea surface near 
height of stars from the sea level in an ocean, The & 


; : sea level. 
phenomenon of sea snake appears in winter most 


PeraAgiibing in thes Blacks Bureon ti aretha sPacine 5. The distance between the true sea level and 
Ocean. If the height of a star is measured the the ~ envelope 20F) the pis aa 
highest point of it, errors in the order of tne value meRShres 
mentioned above will be given. 
References. 
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—§1. Introduction. 
, 4 - Cuprous sulphide Cuv,S, or mineral chaleocite, 
has been investigated minerallogically and ecrystal- 


Recently, Hira- 


q 
B earatially from early years. 
_hara() has measured many physical constants of 
- this substance as a function of temperature and 


q found a new anomaly in the neigbourhood of 450° C 


in addition to the phase change at about 110° C 


already known, @) and showed that there exist the 


a 


4 remarkable ionic conductivity between these two 
A transtion points. 
4 _ X-ray studies of this substance were already 
4 performed, by Ramsdell, Rahlfs, Kurz, Alsen and 
4 others. *) In the recent studies on the. single ery- 
4 stal of chaleocite and Cu,S-CuS system, M.J. and 
N. W. Buerger found the existence of a superstru- 
q etural relation between ‘high’ and ‘low’ chalcocite 
above and below 105°C, and the existence of a 
_ cubic phase CaisS as the mineral digenite. The 
_ simple relations of lattice constants between two 


4 modifications of chaleocite were found as follows :- 
4 (Table I).. 
Table I. 


an B Apia ) Low-Chaleocite High-Chalcocite 
; y Ss lier (7). as (8) j 


(Buerger). 


Space group Cx | Doe: 

s nat eee Fe 11.90° | rohs 

q aes joe i ap adotes |t . ae 
Oe ay eee ee ‘ 
re 7, 96 > 
a=5aljb= ¥ 8al, c= 2c, z= 22/x3x4x2 = 96 


he definite atomic arrangements, however, have 


been determined. ' 


“Xray and Thermal Senaien? on ‘the pias mpratatiiods 
of Cuprous Sulphide CuS. 


By Ryuzo UEDA. 


@ ae Department, of Applied Phisics, Waseda University, Tokyo, and Buuren 
a C ee as of Physical Research, Tokyo. 


os SS ee (Read May 28 1948; Received Feb. 28 1949). 


' space group Che» the lattice constants can be | 


_ ining other specimens more than ten, we could — 


perature intervals. 


2D BGO: 450°C —— 


ba et a 


1-phase B-phase 


~§2. X-ray Analysis. 
A) The measurements on chalcocite single e 

At first, single crystals of mineral chs 
from Cornwall, England, were used. Crysta 
black needles and have metallie lustre. Their di- 
The 1z 
periode along c-axis is determined by the rota 
That is ¢ = 13.41A. Assuming th 


mensions are about 0. 5x0. 5x 38mm. 
photographs. 


by (600) and (846) spectra. They are: a= 7 
b = 27.28A. These values coincide with the’ res Its 
given by Buerger. ; SUG rr 

Of reflection spectra in the rotation photograpt ie 
with [001]\as the rotation axis, ones on odd 1 
lines are weak, and ones on even layer lines 
strong Ss general. It is found, however, thse x 
spectra are readily damaged by cutting or po 
ing the sample, and its Laue pattern loses ithe 
characteristic spots, showing a few diffuse “rings, 


on which some intense spots are distributed. Exam- 


‘obtain no other specimen which give regular good’ 


spectra. The analysis, therefore, mainly depended 3 
upon the powder samples as described below. | Sy 
B) Power X-ray photographs ee 4 


The specimens I and II were prepared by Hira- 
Be 


hara and the specimen III was prepared by, the | = 


i - present Rother in the manner formerly’ described 
Bs by Hirahara. Samples made synthetically are more 
be, s as proved by X-rays. Sample II is found 
4 be purest among them. The density measured 
by a pyenometer is 5.81 (at 15°C) which agrees 
{ pith: the values formerly reported 5.79-5.99, and 
: ith 5.79 (r-phase) and 5.09 (8 phase) calculated 
om x ary data. 
ttacked chemically by the air as described later, 
s necessary to seal it into the pyrex glass 
capirally, especially in vaccum when used above 
50°C. The sample rod is inserted into a ‘small 
furnace placed in an X-ray camera. Temperature 
etuation is controlled within + 1°C below 
C, ee C between 200° and 300°C, and +3°C 
350° C. The temperature is measured by 
r-constantan thermocouple, which is placed 
se contact with the sample. Wave length 
is CuKa, voltage 40KV, current 10mA, 
ure 4-6 hours. 

; 1 schematically reproduce the Teave photo- 


mder various conditions. The assignment 


(103) 
\ 


403) 
\ 


tt: a-a8 parr 


a 


(103) 
7 


of the orthorhombic index to the powder lines of 
ase is possible by referring the relation be- 


two een lattices Crs Dis (Fig. 2). 


due ‘to digenite lines. In «phase (above 


or less solid solutions of chalcocit and digenite 


Being found that the sample 


“this substance wiil be discussed in the last par 


are shown in ph 3, 4 and 5. uy Be arg, the eee 


and the ties Gaiatame aes completes at: 


‘ : ar 4 . 
fe / ; , 
Ny » j 
\ 
NJv 
/ 


‘Obes WeciptaP etter YP 
t (Onthorhombic)  . 
al" a” --- Reetprocal lattice f B- rae 
(Rexagenal ) 


Fig. 2. 


450°C), there are observed only two lines, whieh 
seem to correspond to (220) and (311) in digenite 7 
phase.* X-ray analysis of digenite is also shown 
in diagramm No. 6 of Fig 1. By keeping the 
sample three months in air, however, it was found . 
that it transformed into a different pattern, giving . 
the new line shown by two arrows in diagramm 
No. 7. This fact suggests the instability of this — 
The heating effect in air above 150°C 
can be seen in diagramm No. 8, increasing the. 


substance. 


number of the lines due to oxidation. 

We will now investigate the temperature varia- | 
tion of lattice constants in each phase up to 500°C, 
and the intensity change when the sample was, 
heated in air below 150°C. Some remarks upor 
the structural relations of three solid phases | 


graph, 


4) Temperature pariinens of lattice constants. \ 
=e 
The temperature variation of lattice constant ‘ 


losing the superstructural lines. 


* The tables of measured and caleulat 
tice spacings for Debye lines in each phe 
omitted out of Bpaee Se eg pb ie 


(341 41.76. 
S57 A172 
26.96 /3334//,68 
ear 2 20° 40 OM ae SOM) WhO ON 120 
a ; Temp. * 
a a Wigs cov, 


“It is noticable that there exist fluctuations of 


lattice: constants for three different sample rods, 


_ which are prepared by pulverizing the same cu- 
4 prous sulphide block. This fact, presumably cor- 
a responding to the difference of the chemical com- 
4a positions | of the samples, shows the ‘complicated 
4 properties of this substance and probably cor- 
relates to the time variation of electrical and 
4 thermal characteristics as observed by Posnjak, 
\ 
_ Fig. 4 shows the temperature variation of lattice 
_ €onstants a! and c! (a/6 and cf2 in y-phase), which 


3 Hirahara and others. 
3 is calculated from ‘the lattice spacings of (600)— 


(110) and (846)—(108). 
constants in the neighbourhood of 115°C is consider- 


\ to be a as of hase iansretmater of second 


; fe) 40 go 120, 1f0 200 356 300 350 400 450 500 
: Temp ac 


Fig. 4, s 


‘ 


phase or in Cu1.sS coincide with each other (taking ~ 


The change of the lattice _ 


able but without discontinuity, and is, considered. 


to the specimens which differ with each other 


- described above and of the specific heat and the 


: nie is i askaile. that the lattice sadist of 

Rea} in 7-phase, (110) in 8-phase, and (220) in Pen 
account of the thermal expansions). The intensity — 
of these lines is strongest compared with. the other 
lines in every photograms. This fact is considered 
to suggest that, there exist close relations among _ 
the erystal structures of the three phases of cu- a 
prous. sulphide and digenite phase. y 
The change of cell volume calculated from la 


tice constants is shown in Fig. 5. The lattice ae 


r-cell. Coefficients of asain expansion obtain re ; 


are: — - 


- 200 300 


Temp. (*c) 
Biss. 
gs 2.08% 10-"/°C (r-—Cu,8) 
0.96% 10-4/°C_ (8-Coe8) , 


phases is rather small.” st et 


it) Intensity pet 


intensity. ratio of (346) and (600) in r- pliawes . 
this figure, the open. and solid circles correspond 


At room temperatures, 


their lattice constants. 

intensity ratio I (846)/1(600) is nearly equal to 9: 10 
but it decreases ‘with temperature gradually near ay 
70°C, reaching 2:10 at 150°C. These intensity 3 


changes are reversible if the heating is confined — 


below 150°C. The initiation of the intensity change - 
of Debye lines at 70°C means the beginning. of 
changes of internal structure. This fact may cor- 
relate to the change of the lattice constants as 


ade 
a thermal expansion in the same temperature region ther oi ai 
as will be described latter. vi ‘diftendade of the “eesiel composition. : 
Beats c's obtained on the sample III is shown in Fig. TB. 
In this case, a small hump anda single large peak c; 
at 90°C are observed. The lowering of the tem- | 
perature of anomaly may also due to the deviation | 


of chemical composition from stoichiometric ratio.- 


(X-ray analysis confirmed it.) 


f the temperature exceeds 150°C, the sample 
in receive the jen ane: change of the struc- 


qo 100 410 


Oe are 


Sabin: the ‘oxidation of the sample. As 
‘suggested, at higher thmperatures the com- 


ersibility can not be obtained without The transitional energy 4Q, and entropy change~_ 


4S in the transition are given by :—4Q, = 896 cal/ 
deg. mol., 4S, =18R(R= gas const.) These values: 
are: considered to \be reasonable for the transfor- 
mation of this kind. The energy change at oF 
differential calorimetry of this substance \ transition 6724 could not be measured by means’ 
of the present apparatus. We can, however, esti- > 
. mate it by utilizing the differential calorimetry . 
d the absolute value of spesitie heat by curve obtained by Hirahara. saga is ois = 90¢a 
an adiabatic calorimeter. A thin walled cop- deg: mol. 
We performed the dilatometry bf using a en 
capirally and a bulb containing the sample of about ut 
onstant energy (about 0.1 watt) is introduced 6gr. to ascertain the gradual transition at about. 
the vessel by electric heating, the heating rate 115°C", The method used is the same as forme a 
g about 1° Ber three minutes Theos baolhite ly described in the case of BaTiO; by the prese 
author.) Heating rate is about 1°C per five 
nutes. The result is ‘shown jn Fig. 8, in wh ch 
the ordinate represents the total expansion 
by the cathetometer : That is the total sum 
thermal expansions of the sample itself, glass and 1. 
paraffine oil. The expansion veins at about 10° 


** Hirahara reported the dincancntcgel ek 
in thermal oe meres at 110°C, —— | Meet 


at j 
j measured by X-ray method as indicated above. 
q 4 General Discussions. 


i 


“changes of cuprous sulphide. In 778#. transfor- 


mation, the change of the lattice volume is con- 
_ tinuous and the anomaly in specific, heat is so-call- 
ued i-type, showing no latent heat. We will now 
"discuss these phase changes from ‘the structural 
Sandpoint. We can not, however, touch the com- 
plicated structure of r-phase in, detail by using 
the above X-ray results only, which is concerned 
| Therefore, the follow- 


ing discussions will be confined to more simple 


sy 


_ with the powder samples. | 


According to Rahalis, erystal -structure of 
tigenite Cui.sS is cubie antifluorite type, the sul- 


pper atoms in some statistical distribution. In 
, structure, the spacing d (220) is equal to an 
If of SS distance. On the one hand, the fact 


ith each other suggest the existence of the same 
Bigtabee i in way in eae ‘Taking the 


sult agrees with the change of the lattice volume - 


oe four copper atonis the remaining probab 


ion, X-ray powder analysis revealed the two phase 


er atoms in the face-centred positions and the — 


that d (220) in Cui.sS and d (110) in 6-Cu,S coincide | 


special positions. The column Obs. of the Table IL 


Table II. 
\ Calculated |F| values in @— cus ak 


(kly | Obs. | 1!) IE .} tit | “Iv 
(0a Ro are leno Bile 
(110) 00 AO P18 OL ha 
(108) eT 1s Wee Oe 1s (Osaka 
200) 6 Ne). 2"}. OFF 0 
LID Ae! tr. G 0 0 
(201)17 8}. 0°} <0 0 Qe 
(203)| 3 Qh essa. | ee 
(Qwy ck redo Bote ORE TO 
aye 4 ee Bale BNR 
(B00) 6.4 8S BA’ 8 
(80) | 4 a4 9 8 0 
, 1-+-cos? 28 
Ex inh é cost 


where @ is the Bragg angle, p the rseunee aed i 
refiections. The cases, in which two sulpher atom: 7 
take one of the four positions (a), (b), (c) and @), : 
and four copper atoms partly or wholly twenty- Z 
four general positions with various parameter nN 
values, are also considered. In any case, the agree-_ Se 
ments were unsatisfactory. ty 
Lastly, if the distribution of copper atoms is 
completely disorder, the diffraction of X-ray is 


~ . aol 


(V) 2S in (a) or (0) 
Nee 25 i in (c) or (a) 


cases. It is interesting to see that the agree 
ts are fairly good in the'case of VI. In these 


the ere temperature factor is taken 


Jebye pattern becomes similar to that of 
te (Fig. 1). If «phase belong to the cubic 
, packing, the transition S>« may be due to 


fluorite jachibe: are the same one’ to eac or 
: that we can not. expect any euistepeetien by th this 


model, 

In conclusion, the author wishes to exp 
his sincere thanks to Dr. S. Miyake (Kobay: 
institute) for his valuable discussions and enco’ 
gements throughout this study, and also to Pro 
T. Muto (Tokyo University) and Mr. E. Hiraha: 
(Hiroshima Technical College) for their inter 
in_ this work. Mr. H. Toda kindly helped the. 
thor.in the een ee works. 4 
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Introduction. 
» of paramagnetic ions in salts is obtained from 
observed susceptibilities % of these salts according 


to Corie’s formula 
r UN epee ‘ 
= 3 4 s 
= sep (1) 


Now, itis well known that ips values of the effective 
"magnetic moment 4 of some complex i ions are quite 
“) different from its. ‘valves found in case of simple 


i salts containing the same metallic ions. For ex- 


; ample, the magnetic moment of the ion Fe(CN),~-- 
: is about 2.38, where B denotes Bobr magneton, 
4 and is considerably smaller than the magnetic 
_ moments of ferric ion in most simple salts. Ac- 
_ cording to Pauling, this low value of magnetic 
~ moment is explained in the following way. Since 


two orbitals at belonging to 8d are employed to 


q form spd? hybridized orbitals, which are occupied 


by electrons forming six equivalent covalent 
bonds between Fe--- and CN, the remaining five 


ad electrons of Fe+++ have to be housed in three 


. orbitals. 
lectrons. cancel each other, and the ion shows 


ragnetic moment corresponding to one electron 


p= pv4s(s+1) | =1,738 | (2) 
: S=»5 a S 
Van Vleck) has: shown that the same. result may 


| e obtained also_ on the assumption of the ionic 


id to which the central ion “Fe+++ is Lapiaeted 
sufficiently strong, and called our attention to 
2 fact that the low valve of magnetic moment 
mplex ions cannot be regarded as direct evi- 
etoret the covalent nature of poe between 


mer fey 8 ne aie i fr: ‘ % iS | ois S : ae ik. f = : 
_ On the Magnetic Moment of Complex Ions. (I) 
By Masao Korant. 
Physics Department, Faculty of Science, University of Tokyo. 
(Read on April 28, 1946 ; 


central atom and ligands, 


‘Experimentally the effective magnetic moment | 


~ that five d-electrons of Fe+++ are housed solel 


Hence the spins of two pairs of. 


d if the Gaszibitine (or rather intraionic) electric 


Received Feb. 28, 1949) 


Namely, under the in : 
fluence of electric field of cubic symmetry 3d level: : 
splits into 2‘sublevels, dovbly-degenerate dr and 
triply degenerate ds, and if the six ligands are 
electronegative and are arranged at six, corne 
of regular octahedron as in case of Fe(ON)"- d 
lower than dr. If the electric field due to ligands 
is sufficiently strong, the level dy is shifted so. 


de-orbitals, and the same reasoning as in case 
Pauling leads to the formula (2) for the eee 
moment. fh 

. According to either interpretation, magnet 


moments of ° OI complex ions are regarded 


given as follows : 


#=1.73 8) 


In case of (dz)! and de)’ 3 
1». (de)? and (ds)* 2.8387 
a7 (ds) ep 


Now, comparing these results. with experiment 


values of magnetic moments of several comple 


- and (de) the observed values are'considerably higher 
_ than the spin only values given in (8).. These ad 
ditional moments are regarded as due to the. ‘con 
tributions of orbital magetic moments which are- 
partly still alive in dz-orbitals ; in fact, Howards 6y 
have calculated the principal susceptibilities of the. 
single crystal of K,Fe(CN), successfully on this \, 
idea. In the present paper, it is attempted to the 
derive theoretical formulae for magnetic moments 
due to electron configurations (de)”, forall possible: a = 


values of n, 1SnS5. : ‘ 


: Mana . 
soe el 


Substance 


(| K.[Mnd0;)¢] 
if K,[Cr(CN)<«] 
i j | [Cr(NAs)< I; 
ae) 4) (Cr; )kIBrs 
» J) [Cr(OCENH:).).JCls 
| [Cr(OH,),]Cl; 
KMn(CN),] 


” 


“99 


K,[CriCN)el 
| K,{Mn(CN),]-3H,0 


‘ Aas 
Ferrihemoglobin -. 
cyanide 


_Ferrihemoglobin 
hydrosulfide 


_ || Na,Fe(CN),NH;-2H,0 » 
* Na,Fe(CN).NO.” 24,0 


“io : ‘is-negligible and we have effectively “one ion 


em M It expresses molar susceptibility i in the 


x, 


1))2 
(Pept ana} A 


5 Sm "4 / 
wi here e Et) means energy levels sind no applied 


A gnetic field, and E,,;,0) and: By» donate gent. 


| Leiterer (1937) 
| Welo (1928) 


| Szego, Ostinelli (1930) 


Ray, Bhar (1928) 
| Szego, Ostinelli (1930) 


ye 
| Freed, Casper (1930) : 
Goldenberg. (1940) = 
“1.736 
J 


‘| Blitz (1928) 


| Welo (1928) 


Goldenberg (1940) 
Welo (1928) 


? 


” 


7 
- . : . 
bh 
<e 2 
. ’ wets 
| eee a a aren eis 
Prom: : b By Py . = 
= rl 2 :- en : * ne) 2% 
i = - 
C Oe a eae ae Sl <q 
- i .. Ne See ewer ees Sale ee oe 5 ie + 
a = os a =e <— 2 ‘ ’ . aren | 2 . 
; ‘a q . 


Goldenberg (1949) 
Blitz (1928) 
Ray, Bhar (1928) 


Ishiwara (1914) 


Coryell, Stitt, Pauling | 
1937) 


”? 


| 
| 
| 
y 


_by magnetic quantum number m. Bguating ( we Oo 


(1) effective magnetic moment » is obtained i in 


‘ mediately. We have to bear in mind that a» th 
_ obtained is in general a function of temperatur e. 


In order to. apply this general. procedure | 
the case’ of 6-coordinated complex ions of the t 
[MX,]-”, we take the Tah Hamiltonian 
the central. ion 


v 


H= = Versi A Siec+ BH: as) 


interaction, and peer, as} the Ham a 
of the free metallic ion. Veuvic denotes ‘intramo 
lecular (and possibly part of erystalline) « e 
static energy, mainly due to six ligands (PN 


example a to. above), and is si 


high above pee and hence the ‘central 
electron configuration (dey 0 0 aah 


Spinorbit, eae splits this into two levels, and 


q “magnetic field splits further each of these levels 


into two. The energy values of these levels can 


be obtained as the roots of secular equations: 
ae Es . ° : . 

‘we omit the details of their construction and give 
the formulas ef these levels. Up to the second 


order! of magnetic field intensity they are given by 


46 oy 

4 Cee 3 att 
Oj aa 4 BP. ‘ t 

' aed Bes 3 ! 

4a (7) 
ah een A’ (doubly degenerate) , 
wy é * pr 1 
“ j 1 4 ise 2 
Beretta ) 
ii These levels are shown ‘diagrammatically in 
7 


Sas - 


a splits into two levels as shown in (6)' when spin- 
orbit! interaction is taken into account, and (c) 
4 shows further ap uctng caused by the magnetic 
4 Hele yeons splitting). 
a : 
: 


‘ (a) Obs: rete) 
ae phos ay 2) 


re: 
, 8413 —8)o7 


Meta aa tg eT 2 (8) 
4 e2eT 2") 
A : 1 


:) is a closed-shell configuration. Hence energy 
sae arising from ney and (de) are 


 eobely Horr iropecislly, as, long as “operator 
which are expressible as sums of quantities depend- “ 


such as AD\l;s; are concerned, level diagram, foi 
- (de)’-" is just the inverted one of that for (de) 


‘are obtained by wee spin-orbit interaction ani 


substituting % for a 


q Fig. 1. Six-fold degenerate level de shown in (a). 


"Since there are three Wedopendent de orbitals, 


--and we have oe Wile 0 \, 
anak fe BPeoee 
Ae PRR ee tins 
A le ee BN te? 
2g, pig gH 1 oa alae 
A ca 2 A { i , 
T 9° H es 
AUR sat daa Ee 
; cca, ea es ; 
—4.pH ‘a 
CaS 
A Maen Se 50 
age Pea | (Roe 
A eo. # 
Sarin upeet ss | ae 
A 4 9 e71 
Se a oe | 
: Ae é ‘ 
oe J 
- (See Fig. 2). 


ing on ‘coordinates and momenta of single electrons 


In case ot (de)’, therefore, energy levels, whi 


former case ; pad we find 


3 

sais, OF 
, 1ae+8—8e 2 
Nest” = * 


: 3 a 
md V-2em Fae ye 


(iit) (dey? 


and singlet Srataes Since Hund’s rale wil M 


we have only one level (excluding ae 
action) “Ty which has nine- fold depeherecin 


j 


ula for nerr: 


: ee eS 2 4.9) er#—2he = a a 


/ Se 
e(5+8e-*+46 2 ) 


mnergy | level diagram is just that of Fig. 2 
pede; down. Formula for mere is obtained 


changing 2 into —a in (11) 


en and merr has the constant, spin- 


5 = 9.87 iplepengent of temperature. 


b the ices zero. In cases of (de) and 
Dwyer. Nett tends to finite values } 3 = 


nd “3 Sg em By (2) 3 respectively as the ‘ermpera 


Sar 


: i e)! and (ay, ‘while it converges to “10 = 


pias. 


Masao Ko PAN Ate S ; dull 


Oo 02 04 06 08 40 
Fig. 4 
3.16 in cases (de? and (de)'. As the result of ¢a' 
culation we find that in cases (ds)! and (de)® nett rm 


has board maximum in the range « = 0, aR. 0,and — 


_ these maximum values 2.52 and 3.64 are consider- 


ably higher than the spin-only values 1.73 and 2. 
This means that the orbital motion of electron: 
gives appreciable contribution to the magnetic ci 
moment ov r large range of temperature so long as 
the intramolecular electric field is assumed to hav 
nearly cubic symmetry. Especially, although 2 
tends to zero with 7’ in case (de)! as remarl 
above, it rises steeply, reaches spin-only va 
already at T=0.12 is and is always larger 
the latter value at higher temperatures. Con’ 
to this, in cases (de)' and (de)? Nese increases mc 
tonously with 7’, and reaches spin-only v: 
firstly at temperatures of the order of ae. ay 
As experimental values which may be com 
with our results we give observed values 
several eee me ions of the type eer 


Shor is “aware of. Cont tnaoaitie to 

f we have.complex salts with Cr+++ and Mnt++++_ 
as central atoms. In these complex salts ner is 
This is in 
“satisfactory agreement with our theoretical result 


airly close ‘to the spin-only value 3.87. 


in case of (de)’. In cases of complex salts whose 
ntrai ions have (de)! or (de)° configuration, ob- 
served Nett iS fairly larger than the spin-only value, 
bu 7 is not so high as to exceed the ietvetical 

aximum value mentioned above. Thus theory 
Fur- 


ther, in order to make quantitative comparison we 


ha experiment agree also in these respects. 


fave to know the values of characteristic tempe- 


: A é 
_rature = for individual ions. Spectroscopy gives 


_ following values for them: ; 


i. he Cr++ ©Mnt++ Mnt+ Fett++ 
— A(em-) 226. 341 ~—- (895) (440) 
i Alk. (CK) > 326 ~ 492 670) (635) 


“With the use of these values ‘err has been -caleu- 
“lated for room temperature and is shown in the 
last eolumn of Table I. 
" ealeulated for ferrihemoglobin cyanide and ferri- 


(Values tentatively 


hemoglobin hydrosulfide | are given in parenthesis 
because six ligands are not completely equivalent 
in. these complex ions so that it seems necessary. 
to assume intramolecular electric field of symmetry 
wer than the cubic.) “Although the agreement of 
hese ealculated values with observation is in 


meral fairly good, we must refrain ourselvee 


om. placing too much weight in the quantitative 


observations were made on powdered crystals, and 


t hat the orbital motion does not contribute to merr . 


‘ments over wide range of temperature, a 


salts corresponding to (de)® are diamagnetic, 


eement on the following grounds. Firstly, most . 


\ i 
for each individual crystallite the central magnetic 
ion is probably subjected to electric field of lower 
Jahn-Teller effect 


distort to some extent the ‘octahedron formed 


symmetry. Secondly, will | me 
by six ligands even without the action of mor _ 
distant atoms. Relatively large disagreement in 
case of K;[Mn(CN),]-3H,0 ‘might probably be 
explained by taking these effects into account. 
These considerations indicate that there is roon 
for several refinements in our theory. However, 
“the available experimental data are not enougt 
encourage us to develop these refined and elaborate 
theories ; we should emphasize that the measu 
ments of paramagnetic anisotropy for s 
crystals of complex salts, especially the measi 
very desirable. Our main purpose of the’ pres 
note is to show that the deviation of nerr of some 


complex ions from Pauling’s spin-only values may e 


“be explained satisfactorily as contributions from” m 


ro 
O 


‘the magnetic moment due to orbital motion : 
electrons. 
; Though another possibility remains that th 
excess of merr is explained on the assumption th 


Brn: However, we mien to study oe 


\ 


Several Experiments on the Permalloy Problem. 


Yuzo TOMONO. : 
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avec some researchers(') said that a) was 


due a the sent pee which prevented the im- 


ection. But recently the existance of supeér- 

‘phase Ni;Fe was discovered by O. Dahl@) and — eres CUPETERATE ad 
ied at Dr. Kaya’s laboratory) by various Fig. 1. 
ental methods. Since then this problem has 


een i vestigated from the viewpoint of superlattice 


, Sie 
al formation. 


“experiments stand on this point of view, 

xy ‘And iti is our question when. thternal stress grows 
r on the cource of superlattice formation. If 
alloys are quenched before the internal stress 

s larger, they will show high initial permeabi- 
it ; and if they are cooled in the magnetic field as 
“the internal stress is growing, we shall see field 
ling effect. At present stage, it is imagined 

at this growth of internal stress may be due to 


ee” contraction in the process of super- 


ba to 20°C. 15 


Fig. i and 2 ca y respectively maximum per- 


20 300° 


; er on specimens whose idotapositions are near 
4 Ni,Fe and which are cooled in the field above 500°C. 
As the critical temperature of Ni;Fe is 490°C, these 
are the expected results. 


‘ But we are interested in the ‘peculiar effect 
. _ between 500°C and 600°C. Therefore, we performed 
: the. following experiments. 


% We take two specimens whose iron contents 
¥ are 24.5 and 30 7, which are most sensible to the 
3 field cooling. As cooling them after annealing at 
a 1000°C for 2 hours, the magnetic field of 20 Oe. is 


applied for every 30° Cc temperature interval near 


500° C. Then they are cooled slowly to room tem- 
' perature without the field. 


“ Saturation magneto-striction versus * tempera 
Deena interval where the magnetic field was applied 

7 is shown in Fig. 3. On both specimens, above 
‘. 490°C, especially between 510°C and 540°C, the 


Gi fi eld cooling effect is most interesting. .This tem-. 


¥ 

v7 

A 

4 perature range is a little higher than the critical 
; temperature, 

J] 


4 “appear. — 


B29 mpe ——-g0me' 


00 510 540 570 600 
Fig. 3. 


; p ei Investigations on the ‘Permalloy 
Effect. 


We used three specimens, whose iron contents 
9 are Bou 24.5 and 30%. ‘After annealing at 1050°C 


where the nuclei of Ni,Fe may 


_ that the magnetic domains are also fixed a at t 


_ tion. But theoretical relation between internal - 


450 470 490 510 §30 5b 0 
—— Jemperalure °C. 


Fig. 4. 


pote y as Nata 


$4. Summary. 


- same stage of superlattice formation. 
The term “internal stress” we ne abo 


arrangement which minimize the free energy of the 
magnetic domain with regard to some special direc 


stress and initial permeablity is not clear. The o 
theories of R. Becker and others are not reliable 
in this case, because-they are based on some special s i 
"conditions. oa: 


_ Closing this Short paper we want to express — 


sincere thanks to Dr. Kaya and members of his _ a 


laboratory for their encouragement and support. 


aie (2) 0. Dahl, Z, Metallkde: 2 v24 
: 1938) 1338. = 
“Bozorth, Dillinger and Kelsal. Phys. Rev. 45 ih S. meee J. Fae. ontraae ie aarr 
1934) 742. Kussman, Scharnow and Steinhaus : (1988) 29 8. Kaya, H. Sato oi Komasca 
ane Vakuumschmelze Fest Band, Hanau | ie 4 (aden a 
0988 310. Kinzoku-gakkaisi 6 (1937). 
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On the Grid Emission. 
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When the thermionic emission from the contami-— 
a3 nated G-metal (designated by G-emission)is measured, 
"he ‘grid in a vacuum tube with the oxide 
cathode is contaminated by sqme kind of 
inces, evaporated. from the cathode and some- 
it turns into a new source of thermionic 
n, ‘when it is heated | by the thermal radia- 
by electron bombardment. The ‘‘ grid 


’ increases the Mods oh noise, limits the 


to the present time, however, little has i. | 
nown on the grid emission. Only two papers the plate is moved to a opposite side and the cathode _ 
©. Davisson and A. Pidgeon(’) and by G. L. is cooled. The emission from the ¢athode is able 
BY e have been published without any agree- to be measured at the same condition, if necessary fe 
ind’ conclusive discussion. In the present The G-emission was always measured at Oe by 
per, the thermionic emission from several kinds 2 Salvarometer with the sensitivity of 10-10 ampere 
aa by evaporated substances per millimeter. During evaporation the cathot ode 
was kept at 1250°K and the G-metal at the c ld 
state except several special cases. Evaporation and 
emission kid cls were earrid out alter- - 


natively. 


sleeves of Fectiiptla! section, because des are 
convenient for exact determination ‘of temperatur ‘ 
for which a Ni—W _ thormo-couple, iti 
calibrated, was weld to the sleeve. co wets in 


All An aouptitna shader were ee ra 


Work Function. 


§: am 


As the amount of contamination on the G- 


q metal becomes larger, the G-emission' current in- 
ereas s rapidly at first and then it is followed by 
a gradual increase. Fig. 2 (a) and.(b) shows the 


- @) ae AB) : 
Figs 2. * 


change of the G-emission from contaminated tungs- 


ten and molybdenum. Both curves are different 


Be tiation of the mono-molecular layer of thorium, 
suggesting that the contamination on the G-metal 


thas a different structure. 


ive L18ev 


N 
‘, 


& x 
Ye\laey 
N 


x Ge 
Nee tamner 2 pe 
. Yalesey 


hee oR MN 1G 


Le rigey os 


~ approaches pene to that of the oxide coat 


of several minutes, the inclinations of both curves 


cathode, shown in a dotted line, as the amount 


contamination increases. The result shows t 


ees See » a a 
the contamination has almost similar structure as — 


the oxide coated cathode. 


tiny crystals. 


$4. Evaporation Sf Barium from 
Cathode. 


Small amount of excess barium is alwat 


f 


upon the activity of the cathode.” 


shown in Fig. 4. Le 


me) 
10. 
ae 
3 | tubes 
1& WIT obtivetied commode 
al 
10) S 
3 3 
5 j with cathode 
Ct | ai eee i 
= “et ve i 
v 


emission becomes measurable much earlier than n 
the other tube with the cathode of insuffie: en 
activity. As the cathode in the latter tube becomes om 
to be activated gradually during the evaporation Be . 
are almost equal. Similar results are alsa shown ah 
in Fig. Bt in which time changes of G-emissions are — 


- Measured at 750°K, 


on Nickal. _ 


No4.@t 956K) 


Time of evtp. (iminy 
4 8 12 t¢ 20 4 38 52 56 


AS a kOe 


ex cess barium is found to evaporate from the 
pie! ‘cathode. 


Table I. 


No.1] No. 2 


8.0 |; 0.52 


| ‘ 


‘bt 5 amoont of G-emission ‘is almost propor- 


to the square value of the thermionic emis- 


¥ ew 
I 2) irrent from the cathode, which is, in general, 


se ented( by 


+ 


A DN, PT46 exp} —(E/2+ de + ye }, eo 


KT 


“4 in Fig. 5 and table 1. Evaporation of free 
um from the cathode will be written in ie 


n= K,Nye-F iF ej,?, 


he above experimental result shows that the 
mission should obey the emission formula() 


~(E+¢ye) ., | 
SEP Jott) 


the éoniainznaien'e on the etiotas hooters be larger ss 
than in the cathode. Neverthless, the G-emission is: 

represented by (3), whichis applicable to a deactivat- ; 
ed cathode. This strange result suggests that the 
behavior of barium atoms and barium oxide mole- ; 


cules are quite different. 


§ 5. Effect Temperature. 

Throughout above-mentioned experiments, the: 
G-emission was measured at 750°K for at higher- 
temperature a gradual change of the G-emission» 


was observed even during the emission measure-~ 


PE* TOK Stare. + + steel 38 


imeasure tat 156K! 


_ () 
Fig. 6. 


oxide may evaporate above 1200°k, it is perhaps 


ments. 
a ws AUS obtained results are se in Fig. ve. 
EG) (b) and (c), each of which corresponds to 5, 10 


, 


: and 30 minutes evaporation respectively. It is seen 


me ir the figure that the G-emissiou from the conta-— 


a - minated nickel decreases in the ease of thin conta-— 


_ mination while it begins to increase as the amount 
a of contamination increases. Almost Similar results 
. gy were obtained for the G-emission from the conta- 


- minated tungsten. 
a _ There are several possibilities to explain such 


« behaviour of the G-emission : the erystal growth of | 


contaminated barium ‘oxide, the chemical reaction 


the evaporation of barium from the G metal and 


3 
4 
J of barium and barium oxide with the base metal, 
‘ 
; so on. 

F, 


oe The first hypothesis,. however, fails to explain / 


: ‘the increase of the G-emission in the thick conta- 


-silimar thermal effects on the G-emission in nickel 


and tungsten. Thus only the third hypothesis is 


FOmimevap. 999% 


a “— oc 
4 ¢ , é . 3 


magi yaise to higher famperatre 
} tT 
measure ar 750K 


Fig. -7. i 


and 7. From the standpoint of this hypothesis, 


ae houteindted G-métal, ‘which is represented by 


the similar oe as @. 


negligible jin the temperature range in the experi- 


mination, while the second also fails to explain the 


“mainly responsible for the results show in Fig. 6 


the meoreane oe the G-emission is proportional to 


In Fig. 8, log ie 


Fig. 8 shows that the evaporation of barium be 


comes difficult as the amount of the contaminatioi 


increases. 


3 os 
Fig. 8. Evap. energy of Ba. 


19  §=10S 


$6. Effects. of the G-metal. 

For studying the effects of the base metal up n 
the G-emission, two kinds of G-metals warsane 
at equal distances apart from the cathode a 
emissions from both metals were measured. ‘InFi g. 
9 G-emissions from tungsten and nickel are shown n. 


“ 


The jnitial increase of the G-emission in tungst en. 


ions; The results are shown in Fig. 10, in 


Fungsten 


Se iat } i 
O12 +56 : 


i 
f 
> Time cat 530k) : j jf > Time of evap 0( i 


10 ‘ 
‘ C12345676910 2545678910 
30 min evap, . : (a) 4 (by 


raise to 820° k(or 930k) Fig. 11. 


; 1 
‘ J 
Nickel. 


measure at 150K assumed, the decrease of the G-emission is almost 


equal to the increase because the change of the 
emission is directly proportional to the covering 


. eK ‘ 
sJime (Oy S208) area of the mono-molecular layer. 


6 8 {0 12 14 16 8 20 § 7. Discussion. 


oe 10. It has been pointed ovt in previous sections — 


sg increase of the G-emission in the tungsten that both barium and barium oxide evaporate from 7 q 
served to be much more: rapid than in the the oxide coated cathode and the contaminated sub- 
of “nickel. ‘Only in the case of thin conta- stances does not form the mono-molecular layer. 
| however, the change of the G-emissions The contaminated barium and barium oxide, perhaps — 
netals are almost Similar. co-agulates together into fine crystals. The measured 
he contaminated G-metal is kept at 970°k G-emission should be a) thermionic emission from 
a to 750°k, the Seen decreases. these fine crystals, for the emission of barium % on 
| G-metal is much smaller than that $ these ery- 

- stals. Thus the evaporation. from contaminated ¢ G - 
be i, alternation of both processes, the: metal, ‘described in § 5, means that some amount 
resented Pig. 11, (@) and (b) were ob- of barium evaporates from these co-agulated | fine 

| crystals. We as % a 
The relative amount of barium in the conta mi 
nation is larger than that in the original oxi 

coated cathode, because the energy of evaporatic a 

Y the curve takes an setae same locus as of barium is less than that of barium oxide itself. 
of continuous evaporation, while it is not so Barium oxide in the contamination does not eva 
rate easily, but it is not the case with bari 0 im 


atoms. One part of barium atoms evaporates, tl he 
e behaviours of barium are not so different 


> thin contamination. M foreover, the final 
“deny the mono-molecular structure of the 
ation. If the mono-molecular structure is 


ion obeys ‘the emission #ormuls (3) in spite 
the activity of the original cathode. 


Both experimental results that G-emission. in- 


held at 750°k and that it takes longer time for 
e saturation of the G-emission as the contami- 
tion becomes thicker, show that co-agulated cry- 
al sizes differ in both cases. 
tals are formed in the thicker contamination, 


d thus the -work function of the contaminated. 


netal approaches gradully to the original. oxide 


2 Bei cathode as shown in Fig. 3. 


of evaporation becomes larger as amount of tthe 


contamination increases shows that the evaporation 


of barium is easier from fine. crystals than from 


larger stable ones. The phenomena observed in 


he heat-treatment of the G-metal are well explained 
_ by this hybothesis ; when the amount of the contami- 
‘nation and crystal size are still small, barium eva- 
: _porates easily and thus the G-emission decreases by 


a slight heat-treatment, while it does not decrease 


without severe. ‘treatment in the thick contami- 
nation. ar 

‘a The velocity of co- agalation of barium and 
arium oxide, on nickel differs from that on tungs- 
ten, resulting in the difference of the activation 
“curves in both cases, as shown in Figs. 9 and 10. 
‘The difficult of the activation on nickel is pro- 
sably due to the larger affinity of barium to nickel. 
ie heglisibly small G-emission, observed in gold, 
Yr and carbon may be caused by similar effect, 
“whose results’ will be published in future. The 


eva ener pen of barium from so-aanlatel Brey S 


es “Both the decrease of the agen by 


42) The work function of the contaminated Ge 


eases gradually to saturate when the temperature 


Probably larger . 


' Moreover the result in Fig. 8 that the energy 


larger crystals, and (3) the velocity of coagul 


(4) R.H.. Fowler : 


Ay The Gaiiasiont increases a ials at first, fol 
lowed by a gradual increase. 


-metal approaches gradually ‘to. that - of the 
original oxide coated cathode. : 
(3) The G-emission is dependent upon the activity 
showing that both — 


barium and barium oxide evaporate from ‘the 


of the original cathode, 


cathode. It is almost proportional to the ae 


; 


value of the cathode Brion. 
(4) When the contaminated G- ge is heated 


or increases as to whether the amoun 
contamination is small or large respect 
(5) The kind of G-metal has a close depend 


upon the G-emission. 


In the case of tungsten u 
the contaminated G-metal is activated “mor 


Bynes » (1) the contamination coagulates 


fom ne art is easier than that tron s ii 
a 


depends upon the kind of G-metal. 
In conclusion we acknowledge: call: meme 


our laboratory for their sincere discussions. ve 
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tube. The Poiseuille’s viscous force for stres 
line flow is 80 and the component of 
Bavadsa. "weight along the tube is —zr*egZsina whe 
Ww. E. Brittin() has investigated theoretically is the gravitational force per unit mass. The sur 
motion of a liquid in a capillary tube. In his face tension force which is responsible for the rise 
paper a differential equation for the motion of the is given by 2770 cos # where ?, the average = 
id in the tube was set up, anda method of é 


a of Brittin’s Differential . 


ion was discussed. The results of his calcula- 
( “were compared with the experimental data by 
_Decharme and Rense, and the agreement be tween 


; tl eaey and experiment was satisfactory in almost 


al domain except the: ‘neighbourhood of the initial. drag will be taken to be of magnate nzrp (= 
int. _ : for the liquid entering the tube. Newton’s seco d 
this paper the differential equation is ex- law of motion yields the following differential equa- - 
are solved even in a domain near the initial - tion for the motion of the ie in the capilla: y | 
point and it is proved that the agreement between tahe: ; 
210) . and experiment is satisfactory ° in all do- 4 
main from. 0 to infinity. But E.J.Le Grand and vet +(n-+1) (22) acid +ceZid=0 “(ft 
v A. Renset published new experimental data. 
aoe to explain the result some modification — woste “ : ot 
aids differential equation is inevitable. By he: pass , e=gsin a and d= _2ecos 3d 
ing the modified equation, it is proved that the Fifa weed OP nee / 
stion is sufficient enough to give satisfactory ' According to Brittin’s babe n= 1/4, bat fro 
ent between calculation and experiment. _ the experimental data given by "Le Grand | : 
capillary tube of radius r is toached to the Rense n is not necessarily constant, and b is. 
‘ace of a liquid of density p, surface tension always a constant which is assumed to hei ae ee ) 
d viscosity wattimet=0.  . ’ Poiseuille’s force alone. . 
Let Z be the extent of rise of the surface of 
quid measured to the bottom of the meniscus § 2. Solution of Noaliseae Diffs a1 
ime t2=0, and « the angle that the axis of the tial Equation. | : 
{ ube makes with thé horizontal. The problem is 3 
“then to determine the baad of rise Z, as a func-. 
vi : of the time t; Z= At) Orc to the 


Assume that a ‘non- linear differential equa on 1 
agi is to be solved can be ore = 


is 
‘ 


Ft, Z)-Fe Ae La “s 


-Z)| <M in that domain, M and k being 
e finite eae then the ue can be 


; Now the ee condition | is 


ner hi ZO) =0 | (2) 
The ‘initial velocity ean be obtained divactly from 
® e . original differential equation by setting Z, = 0; 
oe (/aZ fad 

(ae F 
(a dt lee Amati 8) 


The ae cainal velocity is assumed zero as it 


om must be physically and thus Z. is obtained from 
ms oo () by setting Zo! = 0. 

; ; ee ae 
q cara ee ana yee eS 
Z putting 


) = () )e “MX or Z = Zr! 1 e-Mdt so 6) 
43 | 2 
2 (1) will be transformed into eke 


dé 


2 


edt_—_e—At XK? Z! 
X= = (A— oxen DLS xa Zen 


‘| ©) 


r ‘It is supposed that Z’ decreases gradually and 
‘tends to zero with ‘increasing f,-butsX, does not 


a 
Becitably, xX pa decrease gradually and fends to 


ek. eC) 


two real roots. In order that the. last term 


will be more convenient. ad equation (5}, it 
ws Ene == ls Henee by putting D6 es in 


Hence 


| f= eexp|— [ {o— A+2(n+1) 5 Je ha] es 


equation (9) reduces to eo ig ae 


decrease necessarily. If the value of 2 is taken _ 


ot f the series obtained by ‘the successive appr 


If b is sufficiently large, the quadratic equation 


_ where 


armbler f 


e~*(1+2f) > 


ert—e-rt(1-+f)? a a 
—en t/a | @ 


$1 +fle- Mat 


; sqrt! 


t NS ge 
e eas ae a ma tygeer| Sg 


cexn[ [fo fara 


. eto“ (1 4f)? 
+n+9f | 5*(1-tfye de: 


enol f fe ae 


err. 


| I 24204) se a 


\ 


' (a 
Sa (6—2)t-+-20.+n) log (1—e-4*) k ; , 


: : 
p= | [A-b+0+mue*+1) 
0 : 
. —AT 
—ngie-*| (=) Je At =O ane—ade 
+(1+n)f [ aS 


F atte ald 0) seh 
l—e-** 1—e-=*# 


cessive econ in all domain A) 
sear is small, the series obtained by the sec 
_ third approximations give sufficiently exact 
-of f. As f is rapidly increasing function | ° 


decreases to a small value. Then for, such es 


mation converges very slowly. In ee ca 


(1) as the following 


es _Gtn) 2? _ 2" 
Zt = a|F-1)— been 1b. 


hy equation 20). As ‘the first 
have 
5 a 
ax | gf Sabce Sete Sa 
fis [Abe Gag 


As the second approximation, we have 


to =fit (n+) | i % 
F et—e-a7(1 +f, fall e714 2f) 7 PF 


, 


L Sot(1+file-*dt 1—e-4t ° 


x e- (A) (t-Vdr 


a 


As the third approximation, we obtain /; by. yutt 
ing fy instead of f, in (16). It will be seen th 
is nearly equal to f,. Thus we obtain = 


wih 


“ZO-1) = 2,38 - Z(0.2) = 3.09 20.3) = 3.37 : 


—ea) ike ae Sate ike z = —a(t—ta) By equation (14), 2(0.4),..... will be caleulates ds 
(14) and. agreement between calculation and experimel 
will be shown in Table I. 
“eae Calculation. — ie ee Modification of ‘Brittin’ s “Equa 
tion. 
Though the eainlacae in the ME mh 
graph agrees with the experimental data obtain dc 
‘by Decharme, it is not sufficient to explain th 
results obtained by Le Grand and Rensé, ‘Ther 


Table I. 


Exp. by bie ve: fot rou Ex . by 
Decharme \ Decharme 


Em) yas. : A ARES) a bla tea) 


anny 
11:19 
‘11.86. 
“Hace eRe 
11.60 
of 11,65 > “ih 
oi LT," 


i a sappiieeys tube, but according to ot Giana! 
Rensé the most important factors are the fol- 


a “ (1) The rise involves a non-steady-state con- 
ion, and, at least in the ‘earlier stage is im- 
The fact that a mass of liquid is in mo- 
below as well as above the opening to the 
illary must be considered. 

2) The vital factor in effecting the rise is 
‘However, 


rface tension. the question of 


gle of contact is very partinent. Does this re- 
in constant during the accelerating rise, or does 
E vary in a predictable, regular way? 


(3) ‘The possible presence of turbulence over | 


by 


ome of the column of liquid can not be ignored 
If the 


4 neniscus, assume a concave shape, how can the 


despite low values of Reynolds number. 


‘upward speed of flow be - greatest at the center 


ithout an adjustment! at the boundary ? ? Likewise, 


on entering the tube itself, the liquid must adjust. 


suddenly to new conditions of flow, and turbulence 
4 ay arise. 


“a 


(3) Viscosity contributes in producing fric- 


i, 


tional force, probably in the same sense as in or- 


yf the tube should be considered.’ 
 Brittin’s equation (1) will be written as 


AtoZ (ntYZ" 2" 


ip eab he) 


ay i Zl ‘and VAG can be obtained from ‘the 


inany stream line flow. Slipping along the wall. 


; 


» 


lence at the entrance of the capillary tube must F 


; needs no change in the first approximation. 


‘Brittin’ s equation. According to the remark , 
d may be a variable. According to the last part 
of remark (3) the contribution due to the turbu- 
be a decreasing function of ¢. Indeed it may be i 
‘expressed by n e-%. Remark (3) and (4) mean that — 
| the coefficient of the frictional term b is not daly a 
* due to the Poiseuille’?s force b , but also to the — 
' frictional force of slipping },. ae ; 

In order to explain the results of the experi- | 
ments obtained by Le Grand and Rense, there are 
three ways disposable, that is, “ 6 is assumed. 
constant and d variable, “ d is assumed as. cons- 
tant and b variable, and ©) 6 and d are both vari- 


lable. It is very fortunate that we may put l 


TOR: yop 


&. 5, Solution of the Modified avs 
_ tion. 


\ 
; ' 


placing » 
+ me-a 14+ FP 


reduces to a small quantity. 


For example, we take a data een i 
Grand and Rense, where 


Ny = 8, a = 27.72, b= ¥8.4 and Zoo = 5.06 


donnequontly ee LSlt 
The result of the calculation is ada! 


en line. Judging from the result, it may be 
Seale that at first the effect of frictional force 
“due to the Poiseuille’s viscous force and that of 


wy For the tube with very thin radius, Brittin’s . 


ation is sufficient as shown in Table 1, but for 
ube with larger radius, the equation must 

aX) fied. The effect due to turbulence at. the 
rance of the tube is conspicuous at first and 
on. reduces to zero. The amount of the effect 


depend perhaps on the carefullness of the 


The mths’ of contact remains nearly ‘cons! 


“the coefficient due to the frictional force f 


decreasing function of time: The question wi 
ther the angle of contact remains strictly con- 
stant or not, and how the coefficient due to 
frictional force varies during the accelerating ri 
can be determined, if the experiments can be care 
fully repeated and radius of the capillary tub : 
more exactly measured. Especially uniformit 

the bore should be strictly examined. It may | 
concluded that the modified equation is sufficient ; 
to explain the water rise for the first approxim 


tion. 
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e ie ee the detailed behaviours. ‘df the 
e moelectromotive force with temperatures, 


gh. it may ave pss Sag the right order of 


th Pea Sclieaut treatment, the distribu- 
- tion on functions of electrons in a semiconductor on 
“basis of the quantum theory of solids are 

jally required on account of which the inter- 
lectric field caused by the temperature gradient 
‘semiconductor is easily evaluated. For such 
ttempt to improve the simple pegs it is 


necessary for us to have the thorough knowled; 


about the structure of energy bands, ine. 
quantum states of conduction electrons and 


interaction between electrons and lattice vibrati 
For our lacking of the detailed knowledges abot 
the electronic structure of semiconductors, h 


- ever, we are forced to adopt tentatively in t 2 
sy mapa ee orton h the following nibupiael “_ mp: 


. last chapter, we shall be Be to 


tically some experimental ; facts, 


- Fundamental Equation. 


3 In Boltzmann-Bloch’s integral equation) to 
termine the electronic distribution function in 
conduction band the characteristic differences 
between metals and semiconductors are to be taken’ 
into account. Namely, electrons in metals obey 


; Fermi-Dirae statistics, while those in ionic erystals 
y Maxwell-Boltzmann statistics, for the electron 


smber ‘being very few except for the case of very 


gh temperature. Further, in metals the inter- 
tion bntween the electron and the lattice vibra- 


‘tions is of Bloch-Bethe type (quadripole. interac- 


type (dipole interaction) except for the case of 


extremely low temperature. For conduction ele- 


a 
trons we adopt the free-electron like approxima- — 


_ tion, which may be justified for. electrons near the 
ae or bottom of energy bands approximately. 
: Using the above assumptions the fundamental inte- 


Kw 


Boral equation of conduction electrons under the 


combined influence of both electrostatic field and 


temperature gradient is reduced to: 


fee Hz [toe+8)- o(e)}-+erfele—2)—e9)} 


~ (ae =k ~) ole e+ 6)—(% 


—2Maihiv 
ebm? | 


eae] 


Olog A BE oT 
oe Toe)? © 


x(- eP kT 
> g: arava number of lattice vibration, ¢ = hw |kT, 
ee" € frequency of lattice vibration, «= E/kT, 


~ (enerey. of conduction ene 
¢ : electronic charge, m: electronic mass _ 
.: Planck’s const./2z, 
reduced mass of two, ions, 


electrostatic field, 2a: volume of unit cell 


ae space coordinate in the direc’ 


~ metals. 


tion), while in ionic crystals it is of Frdhlich-Mott . 


Boltzmann constant, =F: intensity of 


in the erystal lattice, _ TT: absolute tem-. 


Ee 


, IGS 
FUE) = $A) (1a 
in which f,(EZ) is given by 


5 AW 


E 
_ f(E) = Ae *?, and A= const. T Fe 27 


. AW being the energy difference between the im-, 
purity level and the bottom of the conduction 


band. 
| 


§ 3... The Solution of the Integral Equa- 
tion. 


7 } a1 
erase [{ale-+ 2) alo tale 2)—2(6)} 


2K? 
_ 2Ma*hiv 


em? 


- (ge aes (Cae oe 0] 


fa eF +kT te) 


d 
ars oa A [ime é) an reae—0)- ~at a 


Se Cae B(e+8)— (Tae )eBe—8) | ‘ fi 
_ 2Mathy |, BOT i 
em. A gis 


law of conservation of energy and ee 


the total system. 


{ 


(i) For the case of E<hy (i. e. e< §); in which 
ctrons can ove: aay the lattice ees. a 


quantum in Eq. (2) vanish in pra ait thal a: 
conservation law of energy. Consequently Se # veg 


(2) become of 


[22 | fate+e)—ale3- re 


_ 2Ma? hv 
44m? 


(ek »{ ve LEE - 


312 . gh te, Jiro YAMASHITA. 


ATT bore c ey galoty gig 

Jo7 [gate + 80 —( 9K? ) Be+é ] 
_ 2Maivhi |. BOT 3-2 
ebm? aa Ox ( ) 


According to the method of solution of successive 
approximation, we put 
a(e) = a,(e)+a,(e)------ 


As the first approximation we are allowed to 


assume 
a(e+é) = 


a(e) = a(€) 


and inserting it into Eq. (8—1), we obtain 


a(t) = B(—eF +k EA 3% 
| . TS4 4S 
[SSDP vs) | 


where S and B are given by 
S=E/hvy, B= 4Ma'vhi(es—1)/e'm?, 


When S is small, we have 


: a (2) on(1 + Be/10-+-- +++), 

E ‘ which leads to the result that ,(e) does not depend 
_ \ upon ¢ strongly, the assumption «,(e+¢) = a,(e) be- 
ing fulfilled approximately. As the second approxi- 


mation we put 


‘(c) = a4(e)-+a,(6) 


and 


bo Rie 
ae! 


a(e+€) = a (e+€)-+o,(e+ 6), 


_ Assuming «,(¢+§) = «,(¢), we obtain the following 


Din: F = eae 


4 _ expression : 

a 

§ Paes Bi, (—er nr 21084 | 

8 Soar 

* v a nee v a 

ay Vins S 

Br a. ‘30+5)— fos Vi = ang 

‘ 

Bef cust 

oa it DRS V 

us : . 2” (1+S8)(2+S)— log! Pest VES 
a. 2 80 SU+S) tog ttS+ VS ve 
fe a beets 


' Since a,(¢+&) is nearly equal to «,(¢) as shown 


above, «,(e) is seen to be much smaller than =) 
on account of which the convergence of our suey 


esssive approximation is justified. | 


‘Similarly we may solve Eq. (3—2), by putting: 


B= B(2)+8(e}+---°- , 


wien reeret 


the results of which are 


a } 
Bie) = Bhy 2 sz [2¥ SU+S) 
d 
4 
v 1+ 4S H 
— 4? . 
log as v1 ( 4 
: 
hv oT : 
Be) = Bh zy on j 
11+S+ ¥S \ 
2S log eVi4s— aS 
5s ele g 
¥14S4+VY 3 
2 50 SU +S)—log 7 gs 
m saa + 9) 
ERRATA I SB Aes 
20haet SIFT) log SEAS RK: , iss 
es 
os oat a ee ee (5!) 
' 44+S+ v.S 
eV BOE ee log mee org , 


As seen in the equation (4’) and (5/), ,(e) is roughly 
proportional to «, the relation 8,(¢+) = &,(¢) being 


unfulfilled, and consequently 8,(¢) becomes greater — 
than §,(¢). 


e as a first approximation and the relation B,(e+8) } 


B,(<), however, does not depend upon ©. 


= A,(e) is satisfied approximately. By the similar 
consideration to the case of a- evaluation, there- 4 
fore, we may Be be justified to neglect Be) 
which is much smaller than £,(e). SON 


_ (ii) For the case > hv we may solve Eq. 
(2—1) and Eq. (2—2) formally by the same method. 


It, however, should be noticed that the interaction 4 | 
-form Frdéhlich-Mott type is certainly not a good i. 


approximation when # is nearly equal to hy. In 
the range of E > hy, ~(e) and B,(e) become very 3 | 
small in comparison with a,(e) and £,(e) respec- . 
tively, in which case the approximate solution of 
Eq. (2) makes quite feasible to be carried out. In ’ 
the case of H~hv, however, the solutions are 
obtained by the interporation method from the 
results valid in both cases of E < hv and in E> 
hy. fs zd 


8 


J 


Plog hy As or 
ax VEDA; oe Bae 


a-\=eF,+eF:,. (6) 


+ 


and ~ 


ay ¥ 7 


4, [lor 8tonn teva, an) 


Now Wwe may stress that the electric field consists 
of two parts F, and F as seen in (6). 


q @ Thermoelectromotive force,due to F, is 


vs Beiven as foliows : 


A _k (#hy A, oT 
7 z 0, --f Fida = = (8) —e)! ART A, oe v 
: k ate Ay | 
=—~\ °__-2 at 
'(—@)! 7, kT Ay 
d0, __k by Ak 0 A : 
dT ~ (—e) kT A, Cat ae Se 


the previous simple theory gives merely constant 
2 2k/(—e) instead of (8). 
temperature inssome complicated way through A, 
and ‘Ay. Since the term A,/A, is not expressed by 


Hq. (8) depends upon 


nple. analytic functions of temperatures, the 
merical evaluations have been adopted, which 
Its are shown in Fig. 1. In the temperature 
eof T< 0, d0./dT decreases roughly propor- 
41 1/T and in the temperature range of J'>0 
‘increases with temperature so slowly. that we 
7 consider it nearly constant. We may roughly 
rstand the mentioned situation through the 
wing simple considerations. For the rather 
small electron energy of H< hy, (EH) is larger 
/ n %(Z), «(H) being nearly - bonstant, while 
(Z) is larger ae 8, (EZ), 8,(E) also being 
constant as before. In the lower tempera- 
nge,. where the mean electron energy is 
Manet hy, therefore, eas becomes 


A= \els)+aeyyzetdy, y= EIRP, 


a pounognane tees @, has been obtained as follows 


_ When two kinds of impurity happen to take pa 


ene consideration. 


ctron energy of H' > hy, «(EH)» EY focus lar- y 
ger than %(H) and Nee does larger than | a, 
8(E). In the higher temperature range, where — 
the preater: part of electrons have larger energies, we 
therefore, A,/A,; approaches the limiting value 


oo s wy co E 
\"a%e era \ Ee i dE = 3kT 
0 


and then d9,/dT' becomes nearly constant. 

(ii) Thermoelectromotive force due to F, i is ‘ 
already obtained by the previous simple theory. 7 
When’ there is only one kind of impurity level in 3 


es ~-[na- Ef “pee g r i 
= p(T log AV "hog a2 = ax} . 3 : 
He “ol ae cera 


do, _k (aw 8 
aT (6) \2kT" 1) 


in the phenomena, and, further, their energy di et 
tances and the number of impurity centres ar t 
given by 4W,, AW, WN, and Nz respectively, y 


may easily derive the following formula by 


_ AW, = AWeuc ta ee 
dO, -k (str NAW 8) 7 
aD (e—)\ oerinye™ mae MY 


rN LP 
which is reduced to (9) for N; = 0. 


§ 5. Comparison with Experiments and 


SRigs tl: 


Theoretical d0,/dT. 14 ‘i 


accel For example, Zn0 belongs to the octnee 
a Ou,0 to the latter. As for the temperature 
viours of thermoelectromotive force, d0,/dT 
rly proportional to 4W/T, while d9,/dT is 
tional to 1/7 in the low temperature region 


a. constant.in the high temperature one. 


actually observed experimentally. For ex- 
le, WO, belongs to the former and ZnO belongs 
e latter. 
» has. been measuréd by Fritsch’) the tempe- 


hee behaviours of which are similar for all” 


the specimens (4 W=0. 056 ev) the Pao Tees 
are "quantitatively i in good accord with the observed 
8, b but the previous simple’ theory fails to give 

t “the chaerved behaviours as shown in Fig. 2. The 
rmoelectromotive force of Cu,0 has been mea-, 
ed by the various investigators(), but their 

ts are at variance with one another. 


Fig. 2. ZnO. 


x Fritsch’e observation. 
(a) our theory (4W = 0.056 ev, 0 = 280) 
_(b) previous theory. (4W = 0.056 ev). 


The thermoelectromotive force of 


Although . 


as ox het from our theory. ‘The expartia 
result of Vogt and some of Okada’s observations 
are in good agreement with our theory quanti 
tively as shown in Fig. 3 and Fig. 4, but the by 


Fig. 3. Cu,0. 


7 ee iis observation. 
our theory. (8 = 300). 
(a): 4W= 0.66ev. observed. 
(b) 41W= 0.556 ev. 


7? 


/00 
Fig. 4. Cu,0. 


x  Okada’s etiseveatinn: 
—— our theory. (@= 400). 

(a) 4W=0.34ev.. observed. 
(b) 4W= 0.2ev. 


9? 


our ees values. The simple theory 


[i aie 


ystal is supposed to contain two kinds of impurity 
ntres with different activation energies in view 
‘the mentioned observations, we have to use Eq. 
0) instead of Eq. (9) in order to examine the 
shaviours of thermoelectromotive force near the 
kink point. Since d9,/dT will turn upwards with 
temperatures at the kink point in accordance with 
(10), the total thermoelectromotive force i is expected 
theoretically to behave as in Fig. 5 (a), when the 

mperature of kink point is rather low and d9,/ 
or decreases as Pree honateyy to 1/7. On the 


"Fig. 5. The possible behaviours of thermo- 
electromotive force, which is xpected 
") theoretically for the case of two kinds of 


4 impurity levels. 

“other hand, it behaves as in Fig. 5 (b), when the’ 
_ temperature of kink. point is rather high and d9,/ 

d According to the observa- 

tions of electrical conductivity and Hall coefficient 

of Cu,0, Engelhard(?) obtained 


i aT is nearly constant. 


4 
? 


Fito ae 
n=2X10"%e Z7+10%e uw, 


joo «00 


‘Fig. 6. ‘Theoretical results for t, e.m. ii 
near the kink point. 


 Unfortu- 
our theoretical expectation is not yet 


point. re sufficiently low. (—70°C). 


checked since the observation of thermoelectro- 


kink separating two straight lines. If the. 


‘haviour in Fig. 5 (b) seems to be realized in Okad 


. Force in Semiconductors. 


‘ 


motive force for the same sample was not carried 
out. Schweickelt, however, observed experimen- 
tally the thermoelectromotive force for another 
(kink point at —72°C), the result 
of which is shown in Fig. 7, being in agreement 


sample of Cu,0 


with our theroretical results. The expected be- ‘4 


200 20 timp FK 


Fig. 7. Schweickelt’s observation. 


experimental observation as shown in Fig. 4. 

Finally it may be concluded that the comparisot 
of our theory with the experimental observation 
is quite satisfactory, despite of the assumption 
concerning the electronic behaviours of semicon : 
ductors in view of the present situation that we 4 
have not yet sufficiently reliabie experimental data a 
to be discussed theoretically owing to the sensitive | ‘ 
dependency of the physical properties of semicon- ; 
ductors upon the method of preparations. 

The author takes. great pleasure in than 
Professor’ T. Muto for his suggestion of the p 
blem and his helpful advice throughout this wo 
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” Statistical Theory. of the Ferromagnetic Superlattice 
Part II. Elastic Scattering of Slow Neutrons, 
By Toshinosuke MUTO. 
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(Received April 5, 1949) 
_ In part I and II,( the statistical theory VQ) = sfoani ie ni) + 


of ferromagnetic superlattice has been developed 
ome close connection with the anomalous specific 


as 
—r|?—3(tar? Ri— 7 
apes and the spontaneous magnetization of the ae i) Be *t ea ein Re ne —*)} 
_ mentioned eters using the tains model ; ; a | 
| 
in which the summation extends over hy atoms | 
_ with. the available experimental situated at each lattice point of the crystal, the 1 
In such ferromagnetic superlattice the first and second terms in the curved bracket | 
represent the nuclear and magnetic interactior 
respectively. In (1) use has been made of the tri 
of replacing the actual nuclear potential by | a. 
fictitions potential suitable for the application o Qf | 
Born approximation method in collision proble a | 
? oe and ia are magnetic moments of a moleeuis a 
magnet and a neutron respectively. Further ra un¢ 
R represent the position vectors of a neutron and 1 
a lattice point designated by a suffix i, and 0(7) 
- tid ed “scattering process for the non-magnetic the space density of 3d electrons within a si 
rlattice has been alronay, treated A Spgroneny Fe or Ni’atom responsible for the ferromagnetis 
nc which has been Soupate by wave funetions: con : 
rder-disorder transformation. Nix, Pegram and 3 


attering of slow neutrons through ferromagnetic 
NiFe; in order to detect the degree of order- are written as 
- ’ / 


Se > : 1 ve : a 
K, o|VO)Ky 0) = Dey twpe®-Foe, 
\ ) 2 — 


; estilat atoms ore above. In the 
Re allowing computation’ however, we have adopted, 
me: for simplicity, a simple cubic or a body-centred ° oe Nik = + Bn Hag W 
begs cubic lattice in order to make use of the numerical, . 
‘" “ : kK, ‘43 ; 
ifr beuits obtained in Part I and II, and further, to ah oo 5 es 3. cos" 0) : : 
- quantitatively the characteristic behaviours of kK K+ 
OH he ie mentioged phenomena. o.. a hak 


in which , 


\ 


aut aps 
% B= x5 @. 52 208, an=B mI "s 
12, As for the interaction potential between a Msg ghz ae 


“ neutron and the ferromagnetic superlattice, we 


oe ‘ . The double a: » stands fot} whe 
- shall take ) following form, ; 
A 4 


‘the » directions of the saturation 
mn a and eh 
the elastic scattering cross sections o; of a 


Further, v; is evaluated 


le nucleous 7 for slow neutron as follows. 


2j = [(e0j)!Ahe/mexp(ed)), 6) 


LS 3. In order to obtain the observable scattering 
“cross section o, the mean square of the scattering 
a matrix. elements (2) has to be taken according to 
Kt the statistical distribution of component atoms and. 
¥ jolecular magnets situated at each lattice point 
in the erystals using the relative probabilities of 

the mentioned distributions computed in Part ‘I 

and II, and further the Spiained differential cross 
"section has to be integrated over all directions of 
q the scattered neutrons. 


Thus, we SENG) 


‘ 
: o= ine , mt Battal) (hr iB sin’6)}, 
: ay L hpi be (0) 


a 
4 in which. m “denotes a neutron mass, ¢ the density 
i 
of crystal in atomic number and 9 the angle bet- 
4 ween the incident, direction of neutron and that of 


‘the saturation ati Further, we have 


os 1-+4367/K,?° } : 
A aaa mais 


age si 
i=Niduiol 65) 4 0) 


is a eC teal divergent integral, which 
depends sensively upon the magnetic moment 
tribution witet \e pexion of a neutron radius 


he “theory, by a eabte Paine atical technique 
es ee. converging factor g, 1.e., 


and 8 atta: the 


eon lle esiae ee cue 
FD) = va +02 [var +r) + 02+ w)P brits 


A 1 Ai ath dee 
G(T) = (vaton” )(r—r-+-w—w) = [valr-+7) a 


magnetic . Curie points, which behaviours may be 


= eae wave. RD) and G(T) are aepeniee inoue 
the nuclear potential v4, vz, the molecular magnetic 
moments, .and the relative probabilities of both 
atomie and molecular magnet distribution which — 4 
are the functions of temperature of the erystal, — . ay 
the bond and exchange energies of the component 


atoms of the crystal. 


f APrsntne ieee het cab 
—[va(w+w)+va(r+r)fy, 


and é Ree 


/ 
\ 


Pees eee catia Metis hie 0 UN 
+a(w+w)) [rar + ew w) [leary Z 
; HA . sian 


fatbesei td ck ga ih bd 
+onr+r)] mee io 


tions as shown in ‘Part I and II. 


As seen in (7), the maximum value of. 


taking into account of Ky~ PRP o 


to the = aigrestt uaeecl J at present, the Cheres c- : 
les: 


cross section have been Hees, thie 
the use of the results obtained in Part . and 


ma which 
va = 15-1079, vg = £2.0-1059 
(corresponding to d6,—0.4= 0 or z) j 


are taken tentatively in the numerical evaluations. 
The results are described in the accompanying 
‘figures which show the peculiar variations of both 
F(T) and G(T) below and above the atomic and 


considered to be observed experimentally in the 


16% 2 aa oF 
a sae TO, Cafomic 


Curie Pt.) "Curie Pt.) 


Va=lh5, Ug=Z2.0: Ft, 5°)! 


Va=hS Ug =W2.02 Py EP 
Fig, : 2. 


z 247 
{ T/Oa 5 magete alone) 
: Cavie Pt . 
soe rUg=2.0: Pt, 1") 
Un=lS, Ug=-20: 7, q- 


Fig. 2s 


(Arbitrary Scale) 


1S 4.0 2.47 27,0 
, ato ma. ngnelic 
T/@a (eer ee. )- (Cate Pe. 
U,_=lS, Ug=20: oS 
Va=L5, Ug=-20: Po, G = 
i ‘ “ 


Fig. 3. 


lA 
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‘ Introduction. 


A 
" « 


:. _ While the statistical treatments of polymeric 
¥ Peaistances have ' brilliantly succeeded to explain 
~ the general features of physical properties of such 
Y _ substances, most of them failed to take into ac- 
_ count the characteristic structures of molecules 
‘ ‘owing to their over-simplified models.. Theories 
_ must be developed in future along such a line as 
_ to give the reasonable explanation of peculiarities — 
a of materials. Of course there are some such ef- 
‘ ~ forts”, but they are not very satisfactory. 
4 In view of these circumstances the writer has 
“4 tried to develope as far as possible a general method 


e: for treating the intramolecular statistics of chain 


molecules, the general results of which are sum- 
marized in the preceding papers I and Wve ), Here 
I want to give the rigorous ‘expressions for the 
; long paraffine-like chain, which is often considered 
as a typical model of the flexible chain molecules. 


_ The notations are the same as used in IV. 


Es: ds 
5 ‘The formulae (50) and (57), IV, show that we 
a 4 need only ‘to know the average transformation 
: matrices K, and Ke so long as we content our- 


q selves with ‘the: approximation to the power 3’, 


The Transformation Matrices. 


tot that is the Gaussian approximation. 
For the sake of simplicity only the correlation 
of three neighboring skeletal bonds is considered, 


“4 account the correlation between any number of 
f rida by our method. The zig-zag form of the 
chain is. characterized by the rigid bond angle % 
and the angles between the planes determined by 


ite two neighboring bonds, which define the coordinate 


_ system S (e:, 2) €3) as ‘shown in Fig. 1. There 
unit vector e3 is. chosen parallel to AB, ey 


Paraffine-like Chain. 


By AYOBO KUBO. 


pene oe of hipdion Pedy of Science, US Bea of Tokyo. 


peared Roel 8, 1949) | 


shown to be 


‘though it is also possible in principle to take into 


perpendicular to AB in the mee ABC, and final 


e, normal to e, and e;. As one proceeds along tl 


bonds BC and CD. The angle ¢ between e; 


e,/ is a measure of internal rotation. ¢ is zero in 


are 
Bee 


the cis-form, and nz in the trans-form. 


For brevity we put 
gina =o, cosa=7, sind=s, cosd= Cc. 


The transformation D which leads S to 


c —Ts Ts 
D@) =| § Te —ac 
0 o a 


The average transformation K, is given by = 


K, = D®= (Diye-swrnrag fe-moiaras, ¢ 8) . 


where E(¢) is ths hindering potential, 
city we assume hereafter 


For sim 


Eg) = E(—9) 


) 


so that 


$s 


\ sin de- #/*Td¢ ehh 
=U 


ee e-EkT db 


ing chain peers if the “hindering: pot 
assumed to have several minima which are 5 
metrical and of equal depth, for ‘then we have é 
=0. a: 
Et ; Here we assume three minima at ¢=7, aif 
i hain molecules with unsymmetrical side +2 as shown in Fig. 2, and take the partitio 
ps the assumption (4) will not be rigorously ‘ 
tisfie ed. in such eases calculations are very cum- . (9) 
rs yme “though not impossible. 

e average transformation matrix K, which 
ongs to the representation D, of the rotational 

can be obtained from Eq. (38) and Table II 

paper IV (it must be noted here there are 


rints in the Table), that is 


Bronapan. Le a yl 2,-+--5. j 
i Fig. 2. 

functions near the minima as ¢ at ¢$=7 and lat 
= + The partition © functions are assumed — 
earnoy F normalized, so that © can be written as . 4 


sir tof 0 ¥ e=expU|kT) | 


e —roe (aE ae where U is the difference of the a energies | at 
0 poy is the minima involving the contributions from rota-_ 
tional vibrations and other modes of internal motion, 
oe Assuming deep minima and low ‘vetiperatures we 
have . hale sa 
ais —é 
‘5 . a 3 e +2 
and i 
<r’ = nae boos = rt 


1— Cos a ye. tape 
{ 


For the tatrahedral oie a= = 180"°—109°, t= = 13. 
Eq. (11) becomes t ; 


bli) 


, t+n0—2) <n! st = gue (eeu het ean 

“=nae) Wee meet 

Seti ha (et. Eq. (88), 1). 
‘The elastic stress of an _amorphous rubbertke. 

solid composed of such linear polymers as we have “er 

discussed will be given eh 


totically for large n for, every value of @ 

x pression has already Werived by Oka.( 

expression of <7,"> valid for all n can be 

od ed without difficulty from Eqs. (50) or (52), : tnstg 
i Pesourary. It is interesting to note that it Bee ok Gr Be 


Mi 
4 oP BF. 


um at some temperature. For large value 


I U>kT) it will decrease with the increase of 


perature near the room temperature in cont- 
tion to the characteristic curve of ‘the ideal 
ber. In this case, however,, the index of curling 


chains ‘(the mear: fractional extension) will not 
small but very near to 1; and. the areas 


ore detailed insights on the network structure 
required. 
_ For small U the above mentioned maximum 


will appear near the room temperature or even 


: at lower. 


Tike elasticity which is familiar to us. 

., ‘Why certain polymeric materials show the 
rubber-like elasticity and not the others? Answer 
‘to this question are not yet complete. The mole- 
cular cohesion of the polymers and the flexibility 
play the main role, and further the activation 
energy, for the internal rotation. Discussion on 


his problem are left to ‘another occasion. 


Elastic Double Refraction. 


ry : 
a Next let us consider the eff -ct of internal rota- 


phon. on the elastic double refraction. For simplicity 


ve assume ‘that the coordinate system S coincides 
with the principal axes of polarizability tensor « 
~ 


, and a=, 0, a) into (57) and (62), IV, we 


| aig ETM a Ht 
ae 2 i 
nie (2G PU eg Sra ba 


Qn (ue =2? aie 2)° 
Bee: 


<a aan 


(14) 


=[f-orn Me eo} u- — oe} 


~ 


a er ‘some lengthy aileulesiong, 


prefer the eee forms at low tem- 


res, and the elastic response will show a XY > oy kT 


m of the Gassian network cannot a justified. 


and for the case'e > 1, a1 = a0 


Ir this case we have the simple rubber- 


calculations. 


a 4 that G3 = Oa = Mg = 0. Put the expressions (6), 


: information on the internal structures of the m 


peree Jjarroor ee (15) - 


” 


tl Assuming the three minima and the fetrahe- 
dral angle as Pete: this becomes : ! 


dn _(n2) 2x 8 ((e42N2241) 3s 
4 be ais 9 (1+ saa) 


(6-42) 78 oy hatte gna 
st . : (20— 2 cap) } (4 a ; ) a i. 
Tie es t = Ite=1) (, sid . , a6) 


185 854-1 


Particularly for the case «= 1, aj = a, 


(pdm _mkT oe 
MS KH BS TR 


Tt . ; 
Tk Geer | 
36 


the former being exactly the ‘same as that 
freely rotating molecule (cf. Bq. (45), IIL). Eq. 
is the exact value of I whose approximat 
was given by Eq. (47), ‘III. 

eo such as SE etch ounen = 


j a | ; rh. f 
unsymmetrical molecules require more elabora 


The ratio 4n/X is independent of. Ps and con 
sequently of the concentration of the junctions 
the network. provided only that the junctions ar 
not too densely distributed. Even if junctions 

to the secondary bonds are being generated A 
destroyed in the course of temperature varia' yn 
this remains true. Thus 4n/X seems to give dire 
cules, while the elastic forees and the double. 
fraction themselves may show somewhat co 
cated behaviour due to the changes in the str 


ture of the network. AG atin’ 


experiments will be carried out on the elastic forced 
and the double refraction of polymeric materials ’ 
‘at the same time at various temperatures. Of 4 , 
course the effect of crystallization and that of the 
creep may be superimposed on the orientation 


effect treated here and in III. Our results, how- 


“(ay R. oe 
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in alkali-halides and other polar crystals that 
been very elegantly described by Mott and Gurney ° 
_ in their excellent book. : 2. | 


‘ | 
ae alacitg the faechamieh of electronic proces- S1. General Treatment of the Conti: \ 


in ionic crystals. In the preceding paper. () nuum Model. 


shown the general principle for the treat- | In our continuum. model, the displacement of ' 
of Btationary | states of electrons in polar ions is represented by the polarization field P,(r), , 
the divergence of which gives the space charge ! 
or) due to the polarization. By polarization we? 
_ mean here exclusively that caused by the displa 
ment of ions. The deformability of ion core 
taken into account by the dielectric constant 
The displacement of ions is caused by the electri 
forces due to the charge cloud e_ of electrons | 
to the defect point-like extra change +ze emb 
a negative ion vacancy in the lattice. Tibbs ‘ed in the medium. (Throughout the present work: 
% e | first who treated theoretically this model, we shall not consider the “hole model??,) _ nS 4 
}  F-centre' suggested by de Boer.) More As we have.shown in I (eq. (3), the en 
tly detailed calculations have been undertaken of. the total system, the electrons, ions, an the 
Muto,“ Nagamiya®, Inui and their callabor; defect, consists of two parts.’ The first is: the 
rs. These workers aim to give a satisfactory arization energy U, which is the work req 
stimation for the energy of the F-absorption. The to construct the polarization field. The secon 
ffect the average Hamiltonian Hf of the trapped 
‘ctrons, which is the sum of the kinetic term, 
coulombic interaction term between the elect 
and fiwally 0, or the average of the. potent 
energy of the electron due to the presence. f the 
defect and the polarization charge. — 
_ As far as we are concerned with 
the wives the diatribstions x 0! 


a 4. inns (Engr a 


i 


— (1-2) (@—nglér)), 2) 


; 


= | ‘oider® dr = 


‘ 


9(8r) = 1—{14.Br +S Be}e-# (3) 


aturally we have 


re 


: him \ pir) = — 

“for the defect charge ze is always shielded off by 

“the factor «,/« owing to the ionic polarization 

vin the immediate neighborhood of the defect. 

The polarization energy Up is given by (cf. 
- (21), (22) and (28) ' 
e On; ~227 ig 

- Up =< {= a oral a a x) 


2K) or foe 


Pa 
for brevity we have > put 


(ae 


q 


Assoming the distribution of Eq. Q), this expres- 


a 8! 
n x Tee Feonst., - (6) 


first term of which is the polarization energy 
Bee ea the standard nists in which the 


ee ~-a (etpolevr-  ® 


Bs (6), I If we assume the s-functions fox 


rons, we pare opal. 


weere 7 it 1, or 2) is the number of the aeapheae 


‘electrons at the cetitre. | 


_ When two electrons are trapped at the ‘centre, 


naturally 


These expressions are valid for n= 1 and PIS 


Lcon wetors. I if 


Se ag nade-%”/8n 


Then Eq. (8) becomes _ 


and 


; ne | - r 
U.= | fe+o(me—2)}a—ene igs | O° = 


‘ 


we have to take into account their coulombic in- 
4 Z . ¥ \* 


teraction energy Uns, which is given by 


Tint a as ee A 


formed into 


Vint = (5/16)e"/n, . 


Finally the average of the kinetic energy “of 


electrons is given by 
= nh? /2m)(a? /4). 
For brevity we put, 
c= Kodo%[2, Y= oh R! =eR/«,? 


where a is the euGae of the hydrogen atom ir 
R the Rydberg constant. ie total energy of ft ot 


centre is written down as og ele 


. BE = nR! [ a? 2¢(1—e)z tems —(5/16)8oa}e i, Hf 


: f w(a+2y) 5 ene 5 
“hina CR) Sale 


“where Ono = 0 when n= 1 and dy. =1 shen pe. 


ptt == E—(6/8)cn2R’y. 

= (1—c)z hem —(5/16)one) 

K=on,A, R’ =nRk/A, 
t=y/A, A= aly 

Then the above formulae are transformed into 


Ba. A3(A +2) Bm a 
BQ, 2) = RY n—3y 142K tte ee 


: ; ; “a9 1 


2 . A3(A4-2)7 
H(Q, 1) = RM { y—VP—-142Kn aay) (19) 


The stationary state of the electrons is determin-~- 
-ed by the condition 


= Kfa+4(a +1)" (21) 


ry ‘fixed | @alue of 7.  Ihus we have the 


ary electronic energy 


HH) = = A(a(7), 2). (22) 
e total energy 
ee Br) = £0), 2-9 (23) 
Y ve y ; 
as ;f ‘unetions of 7 which describes the polarization. 
of the dielectric medium. 
yo ‘Eqs. (23), (20) and (18) we have 


0B 


paler jee 5 mg) 


G+)? 8m 


(of A+4  PU+2) 5 i suger 
VG G4? -1} TZ =a Sees: 97/16. 82¢/27. 
nates. (24) 
comes equal to zero at A4=1 if we put 


=2R" Ky % 


eae ciao) 


27/16—c c/|——e 
Thereore if n = = Mi there existe, a stable - , / (5 ) 


y state of the centre which is given by D | Lin Fr Oh ed 
; 1 


7 =1—(11/16)K, ound Eb ane 


Divalent centres (z = 2) are denoted by the 


aes et 11°33 
| E()nin. = —R" (1K). (25), 


Rats : . : Ng 8 symbol D.'D involes only one electron, and D’ twa b 
sia pontine we / PO eed eee ae electrons, so ‘that D/ is the usual form of the — 


centre. D- and D/+ are analogous to F- and Ft, | 
and are unstable formes of D’ and D. Finally | 
. é \S means the centre formed by an electron which | 
has fallen into a trapped. state! by ae its 0 
hole. maakt : ny cna Ohad 
In the table Fex means the. fess stat 
‘F-centre. If the F-centre is excited aes 


= —cp-, which must be true 


table Ee ntiakainn! it may not necessarily 
for s some pean? cae aap. Consider, 


ne el oni mstiminetiately after the captire thee 
A “ x plur the. etrfizientiontat ions in that of Ls state, 


figuration of lattice ions is ed in it 
ad sre crud Naber 2-p level can be calculated in a similar way ai 
nitial s state which is the stable configuration for 
fore. Assuming the wave function» 


ctron but not for two-electrons. Including 
- vase n + nm, these stable configurations are also — 


ons dered. In the Table I the various types of 
res. are listed corresponding to various values 


W = (a5/32n)!2e-2"rp cos 6. 
the average of the Hamiltonian is shown to. D i 
Ne = Rem at orto uety 


where x, yi and R are ‘those defin in 
Minimizing the expression we obtain the lest 
energy. Adding the polarization energy UA 


the total energy of Fex. can ave ce 
tion of y. } 


En nfiguration. Dia- 


: for the Céntieximn Model. 


The electronic levels of centres in polar cry- 

als are ‘considerably affected by the positional | 
¢ configuration of the neighboring ions. This situa- 
ion is. often expressed by the “‘energy-configura- 


tion diagram” in which the levels are plotted 


against some configurational coordinate appropriate 
‘to describe the configaration of ions. This diagram 
proved very useful to explain the various pro-_ 
erties of colored crystals, semiconductors, and es- 
The construc- 


pecially those of certain phosphors. 
_ tion of the ealeerars however, is not generally an 
: \ 


_ easy task. ; 
m fo Wea our crude continuum model, the configura- 
tion of ions has been assumed to be described by 
i the polarization field of Eq. (1), so that we may 

- be granted to choose’ the parameter @ or its equi- 
Be raat y for a configurational coordinate. Then 
£ ethe total energy E(y) of the centre gives at once 


- the desired diagram which demonstrates, the be- 


x haviour of the centres in our model. 


i 

i. # ; Before the discussion. of the diagrams we must 
Bac add. here some remarks. 
a ba. On the crude continuum model, and 2. on 


Our diagrams are based 


‘the approximate wave function of the type. 
i. Beri, 15) = @iBeje-ersto? 

4 

4 

" 


a Bor: the | two electron system. These approxima- 
a. tions require two kinds of improvement. 
A. If we consider the atomic structure of the 


a lattice, the levels will be considerably lowered be- 
low those calculated from the above formulae, so 
. that the F-absorption frequency must coincide with 
a eg observed! value. We may, however, expect 
i q - that the relative values 2 the levels are not too 


> _ mueh’ changed. But it is also ae that the 


"tie pas aL mia ¥ mae ys { : Ms pa 
he Nowerihs will be somewhat greater for the groun 
state than for the excited state, and also be gret - 
: , ter for one- -electron centres than for two- relectroa 


“the” absolute values of the electronic energies 


7) 


emiconductors. wey 


‘centres. ; 

B. As well known, the type of ‘the approxi- 
mation (27) leads to the result that the H- ionhas — 
a negative electron affinity of —0.0547 R, while 
the Depvet approximation of Hylleraas®) which i 
cludes the correlation beween the electrons sixes 
the positive affinity of 0.052 R. Thus for the 


electron, centres we have possibly underesti ate 


about 10 2. 
energy is taken as that of the state in whic 
electrons are at rest at infinite separation. 
the centre, so that the energy of the stabel s a 
of two electron system is given as —0.9453 RI, j 


(In our calculation, the zero 


while in higher approximation it pecan equal 


—1.052 R’.) 
These two corrections are of opposite si 


lative positions of the levels. 
‘In the next paper we shall give some, 
tive discussions about the energy-configuration 


gram of the centres, “a Maia 
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Jn the preceding paper II) the general formulae 
“obtained which give the energy of centres in 
rystals as functions of the configuration of 

e ions based on the continuum model. Though 


some discussions on the energy-configuratio. 
ns of the centres thus obtained, since such ~ 


; whic a Saale S the typical case of KCl cry- 
Q By these diagrams we are able to get some 
formation aa the behaviour is iepicted Sa 
os the following shee} It must be noted here 
at the levels of two-electron centres are lowered 
bout 102% below the curves calculated from Eq. 
3), I because of the correction B (cf. $2, B, If). 
in the figures the dashed durves are the corrected 


curves in this sense. 


F- and 1 -centres. 


Bei. 


In Figs. 1. and 2, the minima of the levels are 


5, 

; as follows: 

‘sg 

) P= EF = —0.387 R’ at y = 0.622, 
f; Fx dipterey ELF -|min = —0.352 Rk! at y= 0.689, 
:, LBV ie ELE" min = —0.463 R/ at y= 0.481,. 
ae aa ELF’+}om = —0.308 R’ at y = 0.255. 


1) The F-absorption is attributed to the ex- 
From the figure we 


 gitation of F-centre to Fex. 


a 
by 


obtain the energy of the F-absorption as 


E. | hyp= 0. so627, 
“for the Fex-level is E = fo. 021 R/ at y = 0.622. Tf 
we put «, = 2.13 corresponding to KCl erystal, we 


a get 
hyp~l. lev. 


a "This is Paaht about one-half of the actually observed 
a value of KCl which is about 2.3ev@). This discre- 
-paney i is naturally to be expected, for the consi- 

g -deration of. the atomic structure will lower the 
2 levels. Expecting the relative behaviour of the 
levels in actual crystals to be essentially the same 


as that in our crude model, we may take < 
R! ~6 ev. 


instead of R’/~3ev. Thus we try in the followieg 
to estimate various energies concerning some ele- 
g _etronic processes in KCl crystals. 

a 2) The excited F-centre or Fex is expected to 
. thow out the electron into the conduction band if 
ite additional energy of 0.021 R’ is supplied by 


ermal agitation, ae Saad amounts to 0.12 ev. 


_erystals, though it seems somewhat too. high. see 1a 


the “experiments of photoconduction of colored 


For the redson stated in § 2, II, the value R!~6ev. 
may be too large for the excited levels, so that a 
we- have to say the above energy is less than oS. 
0. 12 ev. : 

3) The difference Ey—Ez- = Ar is the desk 
etron affinity of F-ce tre in the case when the Be 
configuration is frozen in that. of the F-centre. . 
When an electron approaches the F-centre so ar 
rapidly that the lattice ions have not sufficient 2 
time to rearrange themselves, it can be captured 
giving out the energe A» as radiation. In the . 
rough approximation, however, Ap is negativ a 
seen in Fig. 1, so that the capture can take p 
only with absorption of energy, if this estim 
is true. But it seems more probable that A ms 
actually positive in a higher approximation, whieh 4 
is shown schematically by the dashed curve in Fig ‘i 
1. If the latter is the ease, the F-centre has a 
positive affinity to electron. On the other hand Sih 
from the figure it is seen that the unstable . 
centre can go back to F giving out the- surp 
electron back to the free state when supplied 
an activation energy of about 0.03 FR’, that is 0 
ev. or less. ¥e* . 

4) The stable state of F’-centre is as a 
_0.463 R’. Thus the unstable F’--centre ay) 
stabilized by the rearrangement of ions giving 
the energy of 0.05.R/ as heat waves into the latt 
The thermal ionization of F--centre (uns 
competes with this stabilization process. 
sion about the rate of these processes w di Ie 
of great iatorest: te ae 
F’+ as seen in Fig. 2. Hence the Fr-centre 
be ionized thermally to go pack to F-centre. ~ re 
in this case the activation energy is much greater me 
‘ than that for the F--centre. Tt amounts probably err 

to 0.3 R’ or about Zev. or less. Thus the Pama 
F’-centre seems very stable. 

6) The F’-absorption is believed to be aid 
puted to the photoionization of the F’-centre. . ‘There- 
fore it corresponds to the transition from F’ to ; 
F’+ in Fig. 2.- If we take the uncorrected curve 
of F’, the energy of this absorption is estimated a 

i 


to be 


Gy ue 


p si aa os il 
Ce gs + Rw Ei ge NY 
ee ahs) Ryogo Kuso. 


rey 


agin ae = 0281 R40. sor = ~0 108 terion, 1 


s s smaller than that of the F-absorption. 

2) 

n agreement with the experimental fact( cs ate 

rection B in §2, II, is considered, this 
f Af ; y, 'd " J Z 

grates yen Gas 10) 
ae = log{xp ap .x(trt vex) ibd: 
Inserting the «umerical values we ‘get 


p = P, exp[—0.603(y—y,)] 


= RI yw? | 
a) +5 te 1—5c/16 YU (hAv)snitt ="—tkTE’ pex[Ey”, 
ee Bxly)+-5 Ep!"(y—yo)" : which becomes in our case 

. (h4v)sniet = —0.364T 


. This the shift is estimated here to be about 0.3x _ 
10-“ev/deg. to red, while it amounts to 3x 10-‘ev. 

men r 5 _2 (146 Ny syd) jdeg. in experiments. . The calculated value is only _ 
Se oad _ one-tenth of the observed. It is not certain how i 

a es = Exel) + Bray Yo) this discrepancy depends on the rough approxima- 
tion of ovr model, or the shift is essentially to be } 

attributed to some other effect. The latter case 

: : Peach LB teh afl la: nutans Mackinal wee seems more probable. (In fact, according to Inui 


(6) | 
a © Pi ieAatiite's bean. “we may approxi and Uemura(® the shift is explained by the thermal _ 


expansion of the crystal.) , 


$2. Divalent Centres. 


Figs. 8 and 4 are the energy-configuratic ae 
diagrams of divalent centres. For these. centres 
the experimental data are not yet so complet e as 
those for the monovalent centres. 

ay The photoelectrical ionization of D/-centres S 

- requires the energy Ep:+—Eb’ = ¢pn, which i is 

socalled (internal) photoelectric work function. E r 
the case c = 0.55, this becomes Pe 


dph = 814 88 R’+-1.73 R’ =0. 85 R’, ra 


which is about 2ev., if we aSqUMe y= 2. 16 Gait 
the case of BaO). . ' ae isi <i 
2. By thermal ionization D/-centre is transfo: - 
_ into the stable D-centre. This aes the ener 


ah = (Ep) (ED) . i 


i (hd De ey Toe kT 


omewhat larger ing, that of the Fiband: 
t ne F-band is broader than the F-band. 
maximum of the F-band is observed . Rak a 15 R'+1.73 sere 0.58 Hg 


ee Brad with the rise of temperature(®). _ which is about 7/10 of Sph- This dtitacoadse 
minimum of the F-level the | Heasetions work function is about tev. for t= ).5 


ky = 2.16. - This is near to 
BaO(). 


be - 


fairly large. 
As seen above the estimated internal ‘work 
tions are of the same order in magnitude as 


ose observed for BaO, for instance. It seems 


‘It was suggested by Landau) that an electron 
an be immobilized ‘in ionic crystal by digging its 
own, hole. If the electron has a chance to stay at 
, positive ion for some time, the ions would rear- 
range themselves to. stabilize the electron. This 


self-trapped electron of Landau was once supposed 


to be the F-centre, but now this hypothesis is . 


decidedly abandoned. Though the existence of such 
a state has not been realized by experiments, it is 
possible that the. trapping process plays some role 
‘in the complicated behaviour of ionic crystals. 


The energy of this self-trapped electron in our 


continuum model is easily obtained from Eq, (25), 


ITI, namely 
Ps AT oR hea RR 
© Expo = — eae 
which gives, for instance, (H.)min = —0.06 ev. if we 


put ko/k = 0.45, and R/«,? ~'3 ev. 
ar smaller than that of F-absorption. But it is 
rge enough to affect the mobility of conduction 


n 


lectrons in ionic crystals. 


chance to read the work of J. J. Markham and F. 
tz, who have treaed the same problem taking 
nto account the atomic structure of the lattice. 
Their final value of the energy of the self-trapped 

electron. is 0.13 ev, twhich is larger than the value 
As. was Stated in §2, II, this 
But I have some 


above mentioned. 
is naturally to. be expected. 


__ corresponds to minimize the Hamiltonian of the © 
di valent. one Toe, Fie. 4 biti is seen to 


of the atomic structure of the crystals. - In prin- 


-of the conduction electrons as shown by Mott: and 


This energy is. 
_(5) R.W. Pohl: Proc. Phys. Soc. (Extra Ve 


1) : Bes, 
Bat er ca preparation Pee ee (7) E. Nishibori, H. Kawamura, and K. Figane 


ms in ‘Semiconductors. TT. 


doubt about their method of the calculation, for it 


electron not that of the whole system including — 
the lattice. 
kinetic term of lattice vibration is neglected from s 
the Hamiltonain both in their method and in this 
paper. In fact the nature and origin of the self- 
trapped state becomes clear only when this term) 


. Moreover, it is to be noticed that the ae 


is included in the theory. On this point we shall 


give further discussions in’another article. 


Conclusion. Vmaee 42, 
The above discussion was necessarily qualitative 


so far as real crystals are concerned. The theory a % ; 


must be extended to include proper consideration 


ciple it goes on the same line. 
noticed that we have not taken here the lattice 


\ ¥ 
The customary way 


It must also b rae 


vibration into account. 
consider the lattice vibration is the perturbatio: 
method, which proves sometimes inadequte in polar 2 


erystals for it leads to too short mean free paths 


Fréhlich.() There is a hope to clarify this situa- 3 


tion by the crude continuum model. 


_ References. 


(1) R. Kubo: J. Phys. Soc. Japan 4, (1949) 302. 

(2) H. Pick: Ann. d. Phys. 31, (1938) 365, RW. 
Pohl: Proc. Phys. Soc. 49, (Extra val : un 
Lt. 

(3) Mott and Gurney : 
Ionic Crystals, Chap. IV, 6.1. 

(4) Mott and Gurney : ibid, Chap. IV, §3.. 


3. (1937). 5 
(6) Private Communication. vf ‘) ie 


Proc. Phys-Math. Soc. Japan 23, (1941) aT 
(8) L. Landau: Phys. Zeits. Sowjet. 3, A 
664. 
(9) J.J.Markham and F. Seitz: 
~ (1948). 1014.» : 
(10) H. Frénlich: Proc. Roy. Soc. 160, “a937) ia 
230. H. Frohlich and N.F. Mott: ur “71, a 
(1939) 496. j 


Phys. - TA 


a fiBétion Diffraction Studies on Oxide Films Formed on 


Metals and Alloys | | — : 
Part: 1. Oxidation of Pure, Copper. 
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Introduction. 


The identification of bride products. formed on 
etals and alloys at higher temperatures is one of 
best fitted applications of the electron diffrac- 
eseiten nour’ many works which have been 


a to the eae work. The determinant 
pe ‘the formation of oxide films at the 
a and oxygen pressure. The works of 
e, being carried out on the oxidation at various 
~ temperatures in the atmospheric air, left many 
aN open which are desirable to be clarified 
a, perenne Sue experiments in various 


evacuable furnace, iy changing the air pres- 


nah? 


ee lad s work with the procedure 
In the present 
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000 and then washed by water jet, were placed ir i 


. pressure (from ‘760 mmHg. to 5x10->mmHg. of 


present author carried out the experiments _ 


15 cm. 


SZ. ‘Experimental Method. 


~Qur method of preparation of onidized spe 
mens was similar to that of Timori. Namely, t the 
specimens of about 3x3x3mm* in dimension, cut | 
from larger blocks, polished with emery paper of 


an evacuable quartz tube end were heated ee | 
hand up to desired temperature (from 200°C to: 
1000°C) in the highest vacuum attainable (5x 10~ 4 
mmHg. of air). And then a volume of air was ‘A 
in the tube through a leak cock to obtain the desired 


air). In the condition thus obtained the oxidi i 
treatments were carried out for several minute .. 
After this treatment the specimens were Coola | 
rapidly down to room temperature by pouring ' 
water around the quartz tube. This method can 
define the oxidation conditions very well, because : 
the relaxation times of heating up and cooling do wn | 
are shortened very. much. The oxidized specime ns | 
were then subjected to the electron diffrac ion | 
analysis by reflection method with camera it 


t 


§3. Experimental Results. 
limori®), 
rature-pressure diagram for the purpose to 


‘marize his experimental. results and divided 


‘in his work on iron, abu a te 


diagram into regions in each of which one of 
oxides of iron would be produced. aie. 

Our main results can also be represente ei 
the “‘ temperature pressure diogram”’ as is sh 


1949) Electron Diffraction Studies on. Oxide Films Formed on Metais and Alloys. 331 


(ated emg 
re ree 


A 
ras 
iS | 


Qa Prssurn on mnly 
oo Ue 


i O--Cu0-1 


4200 300 40s S00 600 700 oo Yo 000 i100 


—_ Temperature KG 
Figs 1. 


identified by the electron diffraction method, are 
discriminated by different marks. The numeral 
attached to each mark represents the time of oxida- 
tion in minute. The circles and the triangles re- 
present CuO and Cu,0 respectively. The surface 
of the specimens treated in the conditions with 
lowest air pressures and the highest temperatures 
showed mixed patterns of pure Cu ard Cu,0, which 
are shown in Fig. 1 by the crosses. The diagram, 
therefore, can be divided into the following three 
regions having the bousdaries shown by the full 
lines. 

1) CuO—Region. 

In this region, the uppermost surface products 
are further classified into three types. Those which 
are represented by plain circles, CuO-I, showed 
the diffraction rings of normal intensity distribu- 
tion as expected from the structure of the tenorite 
determined by Tunell and others() (Fig. 2). The 


Fig. 2. CuO-I formed at 500°C, 10?mmHg. 


products represented by the dotted circles, CuO- 
II, and the crossed circles, CuO-III, showed the 
patterns as Fig. 8 and Fig. 4 respectively. The 
‘rings of CuO-II CuO-III clearly agree with that 


Fig. 8. CuvU-II formed at 400°C, 760 mmHg. 


Fig. 4. CuO-III formed at 700°C, 760 mmHg. 


Fig. 5. Cu-+Cu,0 formed at 900°C, 10-’mmHg. 


of the tenorite in their spacings, but differ consi- 
derably from the latter in their apparent intensity 
The CuO-II showed the “three 


ring pattern’? with the characteristic three inner- 


distributions. 


most strong rings of almost equal intensity. The 
CuO-III, showing new type of pattern, has been 
failed to be caught in the former works because 
of the higher temperature of its appearence. For, 
after the usual methcd of oxidation performed 


throughout in open air, the oxidation proceeds too 
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vigorous in the longer relaxation time for heating 
up and cooling down, that the surface becomes 
too rough to give good patterns. 

These products which show the three types of 
the patterns were identified altogether to the 
tenorite structure from the reason discussed in 
§ 4. 

2) Cu,0—Region. 

In this region the surface products were clearly 
identified with Cu,0. The products at lower tempe- 
ratures showed continuous rings of uniform inten- 
sity distribution. The patterns of the products 
formed at temperature higher than 600°C, showed 
spots having tails directed downward nearly per- 
pendicular to the shadow edge. 

3) (Cu+Cu,0)—Region. 

The diffraction patterns from the specimens 
treated under the conditions corresponding to this 
region were composed of several striations and 
weak continuous rings of Cu,0 (Fig. 5). The 
striations, strong in intensity and small in number, 
having their heads at the positions of Debye rings 
of Cu, were elongated considerably downward nearly 
perpendicular to the shadow edge. Under this 
conditions, the main features of the pattern were 
not changed even after prolonged treatment (for 
about an hour). 


$4. Discussion of the Results. 
1) Three types of the patterns of CuO and identi- 


fication of the ‘‘three ring substance”’. 

From the following consideration the present 
author reached the conclusion that the all three 
kinds of the surface products which appeared in 
CuO-region of Fig. 1, including the three ring sub- 
stance, should be identified altogether to normal 
CuO, having the well-established structure of the 
tenorite, and that the apparent differences among 
them about the intensity distribution in their dif- 
fraction rings merely arise from the different 
crystalline orientations. The fact that the aroma- 
lous intensity distribution in CuO-III is due to 
the preferred orientaticn of normal CuO making 
(010)-plane parallel to the specimen surface, can 
easily be understood by inspecting its pattern. 
The.case of the ‘‘three ring substance’’, CuQ-II, 


which is also concluded to be CuO having another 
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preferred orientation making (110)-plane parallel | 
to the specimen surface, was not so obvious at | 
the first glance in the pattern. The three strong | 
rings, characteristic in the diffraction patterns due 
to CuO-II, correspond respectively to (110) and | 
the unresolved doublet rings {(111), (002)} and. 
{(111), (200)}. The imnermost (110)-ring, which 
normally possesses moderate intensity becomes | 
especially much enhanced as the result of (110)- 
orientation. The origin of the confusion which 
failed Murison to catch the orientation effect and 
made him erroneously assume the substance as 
being an intermediate oxide between Cu,0 and 
CuO seems to lie in the following facts. The 
electron diffraction rings of lager intensity from 
the tenorite structure are correspond to the un- 
resolved doublet rings such as {(111), (002)}, {(11), 
(200)}, {(022), (311)} and {(113), (220)}. On account 
of the doublet structure, they appear as continuous 
rings with comparatively uniform intensity dist.i- 
bution even after the orientation in question, with- 
out showing the arcing characteristic in usual 
fibrous orientation. This fact may be understood 
from the diagram of perfect fibrous pattern of 
this orientation. (Fig. 6). The arcing of rings by 
the effect of this orientation can be observed in 
singlet rings of medium intensity such as (202), 
(020), (202) and (113). 

The conclusion that the pattern is not due to 
any intermediate oxide between CuO and Cu,0, 
but merely caused by the preferred orientation of 


CuO itself, is substanciated also by the following — 


facts. Firstly, the appearence of them was not 
favoured by reducing the oxygen pressure. 
Secondly, they were never observed in Shirai’s’ 


experiments) which were carried out with the 


tra:.smission method on thin films oxidized from — 


the evaporated Cu films. The present author 


studied similar film by reflection method and also | 


could not observe the three ring pattern. 


The fact that the different types of orientation | 


appear according to various temperature is inter- 
esting. Itis very muchconceivable that the various 
type of orientations may be caused by the differ- 
ences of velocity of the crystal growth along various’ 
erystallographie directions, which in turn may be 
determined by the velocity of migration of copper 


j 


sa i 
a P 
oo. 


_ ions towards the surface through. the oxide film. 


“The observation that one more other type of pre- 
‘ ferred orientation, _making (111)-plane parallel to 


a specimen surface, appeared on the surface of 


- should be mentioned here. 

2) According to the theory of the oxidation of 
_ metals, the theory of the ‘ Anlaufvorginge” 

: "by: Wagner and others, the oxide at the uppermost 
surface should be determined by’ the temperature 
and ‘the partial pressure of oxygen. 
i the temperature-pressure diagram like Fig. 1 should 
be divided into three regions, each of which cor- 
. And the 
boundaries among these regions should be repre- 


‘i sented by the relation giving the dissociation pres- 


4 responds. to one of CuO, Cu,O0 and Cu. 


sure: 
“ 
Q- 


1 
log p = wy 57 +1:75 tog eae: 8 


= 2Cu,0+0,, and 81.6 Keal for the reaction 2Ca,0 
of Cu+0,. The boundaries thus calculated are shown 
in Fig..1 with dotted lines. 

: ‘The apparent discrepancy (ene the theore- 
- tical and the experimental boundaries for Cu0— 
-Cu,0, being especially conspicuous at lower tem- 


peratures, shows the fact that the assumed chemical 
_ equilibrium at the uppermost surface in the theory 
ils to hold at these temperatures. The co- exis- 
nee. of Cu and CuO at the surface of the speci- 
mens treated in the conditions corresponding to the 


perimental. Cu—Cu,0 region (even after pro- 


40 % Ni-Cu alloy oxidized in open air at sO °C, 


Therefore, * 


3 ith the value of Q, 52.4 Keal for the reaction 4CuO 


failure of the simple assumption in the theory. — 


The trend of the experimental boundary for CuO 


—Cu,0 to approach the theoretical shows that the 


assumption comes to hold at higher temperatures Ree 


than about 1000°C. 


Summary. 


The oxidation products at the uppermost sur- 
face of copper formed in dry air of various tem- ; 
peratures and pressures were studied by the electron — 
diffraction method. The results were summarized 3 


in the temperature—pressure diagram (Fig. 1 Ai 


which is divided into three regions, CuO-, Cu,0- and 
Cu+Cu,0-regions. The “three ring pattern”, ss 
which has been attributed to an intermediate oxide ; 
between Cu,O0 and CuO by Murison, was concluded 
to be a fibrous pattern of normal CuO. The 
boundary-lines of the regions was discussed in 


relation to the theory of the Anlaufvorginge. 


_ In conclusion, the author wishes to express his rane? 


sincere thanks to Dr. S. Miyake and Prof. R. Ueda 


for their kind advices and encouragements. 
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§ 1. Introduction. 


, | 
4 » As i is well known, the approximate soletion of 


"principle always leads to upper foie of eigen- 


alues, but does not provide us with thet lower 


Thus it does not allow us to estimate the 
: or of the approximate values, and the method 


st t be Sh igh as oom from the theore- 


hw el eigenvalues theoretically. But these methods are 
discovered ‘rather recently and chats authors) 
* 


a These formulas are ots various kinds and some 
of them are incorrect. Evidently we cannot discuss 


relative merits of any two of them if the 


ria 
+ character in spite of their apparent difference. 


m iy ean be regarded as a variational method. 


SY 
Be application of the spectral theorem for self-adjoint 
ny operators in the abstract Hilbert space. If we 


mine them from this general standpoint, we 


Bearers clear. As the result, it turns 


higher order, and can be treated as a direct 


ry 


we 
ne ee -- 


out that the formula given by Temple* is: me mad 
precise one among them notwithstanding that it) 
was the oldest as well as the simplest one. uy, 

But all ‘these formulas are restricted to the 
lowest eigenvalue which is, moreover, assumed to 


Se ae ee ed 


be non-degenerate, In the present paper, we wil 
treat the problem. ‘under more general condition 
_and extend the ‘Ritz-Temple formula > to the ca 

of degenerate eigenvalues of operators: which are 
not necessarily half-bounded.- The main purpos 2 
of our investigation lies in its application to | 
rigorous foundation of the perturbation theory a 


an approximate I method for calculating eigenvalues. 
This application will be. treated in a = | 


paper. \ 
‘At this soit we will make a femeirke on th 2 
ei of Aerivation and the validity. of tora Ss 


‘about thou: They are usually derived in the ca 


of differential operators, ptt i -expans on ¥ 


eigenvalue of an operator with positive oa 
bound. Out of these formulas we take up 
the one for the first approximation, whi 
ever, shown to be valid for more general 

In the following the Temple, formula i 

to always in’ ce Lege 


tio “which is weatvicted to differential Spucatenss 
Of course’ the expansion theorem stated here 
tains its general validity only when interpreted 
_ the sense of" strong convergence in the Hilbert 
ace (convergence in the mean!). It is important, 
wever, to notice. that the expansion in this sense 
quite sufficient for our purpose, for the expan- 
sion itself is not our final end but only a@ means 
to reach the result. . 


2. Generalization: of the RB iesieniple 
Pe ornaulss 


3 a Let H be a self-adjoint) (or eiannnal 


B Hermitian) operater’ in the Hilbert space. The 
4 spectral representation of H'is given by 

‘ esha ie Lis as . 

bs? ot gh Elie \ idE(A), seals GL) 


ie 
8 _ where EA) is the so-called Lettie of the identity 
| _ belonging to H. We make no further assumptions 
‘ on H; 
i We assume that for a. normalized vector w 


(fell = = 1) in the domain of the following quan- 


. tities are calculated : ashy 
\\(— ay] = «- (2) 
We have : ayet sy 

; shy n \ - 


4 j (Hw, w) = a 0, 


‘ \ 
2) in’ ees of «. 


_ Lemma 1, For pu a such that’ aad ae = 


“tae 


a of the speotrum, oe oe c is daseined by 


Bet 
_ 4 If we forget ‘this araple fact, it would be dif- 
ficult not to feel uneasy about such a procedure 


; _ series of eigenfunctions, differentiating it term 
} by term, multlplying it by a function and integrat- 
ng term by term, etc. But the result of these 
perations is completely justified from the stand- 


pace. 
je Ve denote by (a, 8) the open Pearl pink oo: 
yy [x, 2] the closed interval a<4<@. 
“the half-closed interval «<A<P. 

oe The ‘spectrum means that of H, if the cont- 


in particular, H need fot be bounded below. _ 


\|HwlPP= ete, -° 9. @) 
is blared by a smaller interval. 
as expanding a function of several variables into . 


oint of soe analysis in the abstract Hilbert 


(a, B] means. 


RS Ainalier one. : 
« Proof. If the interval (a, #) for a aS o ee 
tains no point of the spectrum, the quadratic ex- 


pression 
| (A-a)A—a) = P(a+ mao. Re 


is not-negative when 2 changes over. 


spectrum.**** The same is true if we miele (5) 
by d(H\A) w, w) (=0) and integtate. Since: 


{ eacEnayu, sys \\ Heol |? = heh, 
aa iBayn, w) = 2, 


we have . hy 
. eae i(atalntau = 0, 
- that is 


/ @, $)- 


When « and pb are eigenvalues ‘of H and w is” 
a linear combination of the associated eigenvectors; 7 


the equality holds in (7). Moreover, we can assi 


Corollary-t There is a point of the spectra 


“within the distance e from 7- 


Similarly we can prove — 


Lemma 2. For every 8 such that B> n(@= =- 
4-coig permitted), the interval [¢, &) contains a. F 
point of the spectrum where £ is defined by 


9 


e 


ies B—7 


*kk Ag to the precise meaning, see the proof. 
week Tf o = —oo replace (5) by 4=z. : — 
{ This theorem is sometimes ascribed to Wein-- 
stein. . ; i e i 


‘general the interval [53 B) cannot be replaced 
smaller one. © 


ae Phedee. We assume that the interval («, 8) 
“eontajns no point of the spectrum except at most 
; “non-degenerate seal and that for a w, 7 


e? <(7—)(8—7).  @) 


a . 
= a interval (x, 8) certainly contains one and 


Are 

In Tn general (10) paciioe be sgplansdh By more precise 

formula if we know only the four quantities 2, 
il and 8, whatever these quantities may be: 

= eat we denote by u, the normalized eigenvector 


ciated with the eigenvalue Ao, we have 
f &+ a+? B—« 
a) +2}/| 2 fe ay 


aaa “+8 


ither g Sera or se e" holds, we have more 


7 


| Se), 


e* ap 
Pte? (a>). 


(12) 


i * pwot Stesiing to: Lemmas 1 and 2, each of 
pee (a, ‘ and [§, 8) contains a point of 


0 fo devive (11) we note that the quadratic ‘exs 


] 


| (A—a)\(A—B) = P—(a 4 Ba. 


z not-negative, except at A= 4,, when 4 changes 
r the spectrum. If we multiply it by d(H(a) 
and integrate, noting (6) and ((E(A,)—E(a,— 

W, W) = |\w, Uo)|?, We have 
Pee A 7+ 28—~2(A,—a)\(B— Ao)\(w, HI (13) 


replace ‘the factor (A, Suhah ) by Bex ) 


a d obtain (11). This replacement is, however, in 


=§Sh <tsnto (10) _ 


Sieraehal, ADP EE: 


pe 
when A, senate from a so tha 
4, by ¢ if er Thus we obtain ise 


abe ease tt can be. treated | ! 


iy 


equality of (12). 
similarly. i ee 
We will add some vansaciin on this theorem. _ 
1. Our theorem is symmetric with respect t 7} 
upper and lower bounds, as it should be. Th 
asymmetry in. the Ritz-Temple formula result Ss 5 
from the fact that here the lowest eigenvalue. is S 
considered (see 2. below). | s re ea 
ee If «= —o, Agi is the lowest cinerea ax d 
since ¢=7, 7 is an upper bound of 2, (the Ritz 
formula). In this case AS is nothing but the 
Temple formula.* According to our theorem, it is” 3 
evident that in this case there con be no formula . 
more precise than that of Temple. Therefore all — 


- other formulas given by the authors cited abovet? 


are worse than the Temple formula, unless at best 


identical with the latter.**. 


3. When the approximate eigenvector w ‘is . 


‘not pu A preassigned but contains some free 
- parameters, it is advantageous to choose them once 


so as to make & maximum and then so as to make > \ 
€ minimum, independently for both cases as? the 
example below). ; 


4. If we take the same w for both & and ¢, 


the error of the approximate eigenvalue is of the bi: 


order <* and very small when ¢ is small.’ The 
factors of «* are 1/7—a and 1/8—7, and these are 
small when the eigenvalues are widely separate: i 
from each other as in the case of classical ordin: 7 
In the case of. partial « 


- See the Some on page 2 oe” 
** In ‘particular the eoraplien tint Formule of 
Trefftz and Newing are superfluous, inasmuch as 


the Temple formula is better and yet much si 
ler. Of course this can be verified directly, bu 


is rather tedious owing to the complicated form o f 
their formulas. The reader will easily verify that all 
numerical restlts in their examples are improved 
by using Temple’s formula. Though the improve 


s give space results. It is 


“ia lower bound). 

5. It can easily be shown from (11) and ay 
hat |Jw—2,|| = Ole) if u, is properly normalized. 
hus the approximate eigenvector is not necessarily 
Saag as the approximate Szensnis calculated 
with itself.. 


«6. If we know the exact value of 4,, we have 
It follows 


A. 
ih. 


r aturally better estimation of \(w, u,)\- 


oy Let —AyM7 + 40—%—8) 
oe Uy)| = (Ao—a)(8—%o) : 


“If in particular 4, is the lowest eigenvalue (as = 


a. 


—o), we have Nora = tai 


* 
:: 


2 


: SL F 


“4 if —|w, u)?s —. 
i 5 : 
h 7. Our theorem assumes that we know an 


“ upper bound for the next lower eigenvalue and 
sg a lower bound & for the next upper eigenvalue to 


‘: i. Thus it cannot be applied unless we know, by . 
a some method or’ other, rough estimate of eigen- 
A values (O-th approximation). This is a common — 


, defect for all formulas of this sort. 
this inconvenience is avoided by using Lemma 1 


J 


In some cases 


or 2 directly. 


By way of illustration let us cite - 
Consider the eigenvalue-pro- 


Example. 
§ a simple example. 


peal = 


om re a 
As an eoprunmiata Bocafaastion for the first 


~ (lowest) eigenvalue 4;, we take 


ie rad 


ih 
pigP eb psp-isep 


‘urther we need 8, for which we can take a rough 
ver bound of the third eigenvalue A,, for we can 
selves to symmetric functions. ~ For 


this. purpose, we note that the eigenvalues of 3 


and taking 7 = (2n—1)3 ; 


Fen rr 


oS 5 ae te -7242)u = 0 are given by Qn— Dene — (ee : 
++) and that the inequality #'27?a7— ype - holds — 

a oiraey yr. Thus we have 4,=(2n— prt, 
to make the right- hand — r : 
wy maximum, we obtain a rough estimate Ae 4% 
In particular 4 ye 53 = 6.41 and we ‘a 
can take 8 = 6.41. am 
Putting these values and « = — into (10), we BS. 


have 
iL 
3 oP heute 1 
Da ie SuSsPty 
4 3 4 
6. 41— Trews —2 


- maximum of the left-hand side occurs for abe 
= 1.70 and is 1.034. Thus we have clea 


1.034=4,551.082. 


In the same way the simple function w= const. w 


exp,(—+ 2") leads to 


8.74, <3.86. 


Higher eigenvalues 2, can be treated similarl; 
taking for @ the rough lower bound of Ve obtaine 
above and for « the upper bound of 2n-2 alread: re 


calculated. : , 


§ 3. Degenerate Eigenvalues. 

The theorem of. the preceding section is 
applicable to degenerate eigenvalues and, even f¢ 
snon-degenerate ones, the error is large when th 


are densely’ crowded. In this section we will 


similar formula for vpper and lower bounds of 
group of eigenvalues simultaneauoly. ye 

We assume that the interval («, a) contai: 
(at most) m eigenvalues Ass: Ss * 
other point of the spectrum, and that m sas 
mate eigenvectors Wy, **7*, Wm are 2s chosen that 
the matrices (Hw, w;) and (wi, wy) are diagonal : 


(Hw;, wy) = 02 %ij, (Wis Wz) = Fg 5 


G,j=A,2, a -,™), (15) 


and that 


(16) 


a << MSS Sn SB: 


ie 


ier = 8, we r= 1, 2, 


Salghlatea: 


Sealy. (9) 


. (Hw, w) = 2, \\(Z—y| =8, (20) 


; an apply Lemma 1 and conclude that the 


val (3, ¢] contains a point of the spectrum, 
re . is defined by (4) with (20). By virtue of 


na eats in ar! eiehiiin the 


» Ant 


“fw ti ott w+er—ay ; 
wai seen ' (21) 


, Pe (Hw, w) = Dailtil’, 
a2); becomes 
i 


s alr: Ny? Syn —a)|7 12 
7 ; hne—a) |r? ‘ 


by eliminating mi 


- of Az; val ni 


we Bi aoe 


te) cc 
nate 7; from ey 7 follows. oy ¢ 
Schwarz inequality, we have : 


(Selrd)'sSeenPEs, 


‘where x2 are coefficients to be determined by © a 


xe + M(Me—*%) 
—% 


‘Thea we have by (22), (23), (24) and @) 


AvSe. 


. (0 satisfies the oe obtained from (24) and (25) 


k. ef 
= (e—%:) (7i—2) 
It is easily seen that x;°>0 can really be chosen _ 
to satisfy (24) and (25) if the largest root of (27) _ 
is larger than 7%. If this is not the case, we can 1 
easily show that 24,7. Thus we have obtained ; 
an upper bound of 4: 


Ae<Max(me, Px), (k= 1, -+++, m)_ 


where 0; denotes the largest root of 7, 
From (27) it follows that . 
| x 2 
4 _— 
ae 1S 2 ma? 
\ 


so that we have a simple estimation 


contain such quantities as 4;—7;, which may’ 
small or even zero. Ia some cases (80) is not 
precise and the original estimation | (28) should be 


preferred. If in particular Ai, 4g, <+++ are the 


lowest eigenvalues, we can put « = —oo ‘Son ( 0) 


“reduces to am. This result is a generalizati n 


of the Ritz formula and j is well known:: 
In the same’ way we can obtain a lower bound 
; 


AzMin(n, 40 k= oy cakes be 


we have, = aia to (30) , 


hen So, est, m). 68) 


ya 


oe In Bes will notice that the above for- 


alas for upper and lower bounds of 4; are not 


Professor Ochiai 1 his continued interest in 
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Note added in proof’ Although this work 
originally intended for the rigoroas foundation of 


useful for direct solution of bizenvalue sronted 
of various kinds. These applications yall 
treated elsewhere. 
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ee erat eaee teeth h stripes. on the Batoce 


\ 


flection of electromagnetic waves at the su 


In order to explain this phenomenon we firs 


~, 
a-axis is Sais to. elementary plates. 
addition we take x, and a, coordinates aIRlOME 


lies between x, = 0 and x = by ; and neighbouring 
elementary plate with the thickness by lies ‘dimen Me ‘ 
-Now we investigate the: ele- 


% = 0 and My = bos 
ctromagnetic wave propagating in z-direction in 
Since electrom- 


the sandwiches type dielectrics. 


2% Se aoa 


"phenomena in elementary cats” of ‘the 


; same sort are similar to each other, ‘it is ‘sufficient 
74 
consider the phenomena: in two elementary 


8 lying between 2, = 0, 2, = b, and between 


Q) x (A; sin 7y2%_+ By cos 109 )e-szeivt, (2) 


kh? = Oe hy 


ky <= Wy fly i 


of TA, sin T1b1+ TB cos 716, = TBs : 
Ay cos pe nine sin T1by = &)T 2 Ay | 


‘the oes at a= 0% 5 equal to the field at 


be continuous through the boundary at x'=bs , 
ve by (5) and (6) 


\ 5 
ead 


¥s sin Toby 7. C087 
E> cos Tob; —é, sin Toby! i, 
If we solve (9), we get the values of propag a- 
tion constant h. But since it is difficult to get the 
values of h in general case, we shall only discu: 
the case when thicknesses of elementary plat eS 
are small compared with wave length. In th ¥ 
case 7b; and 2b, are small compared with unity, 


and (9) becomes approximately 


Teh, | 1 Ox! “1 
—e,b1 y ae 0. 
ak 72: hy 

0 fe. — Faby D ke k | 


= 0.(10) 


If we a (10) combinig with (3) and (4), we get — 


, 


y 


E n= (bi/er he,? +-(b9/e, hex? 
. b,/€1+-b9/€s 


(11) 


This result shows that propagation constant h is 
the mean value of the propagation constants k, 
and k, of both elementary plates in propotion of © 
b,/e, and ba/es « , 

' If the plane electromagnetic wave is’ {neident. 1 
with its magnetic field perpendicular to element- _ 


‘ary ‘plates of sandwich type dielectric, we call 


this case H incidence. In this case the fields in 
elementary plates are. deduced from z-components. 
of Hertz vectors of magnetic type which are ex- 
actly expressed in the same formulas as (1) and 
(2). Proceeding in exactly the same manner, as - 
from (1) to (11), we get 


Ape (b1/ 41h? +-(bo/ 2 )hen? ‘ 
by/ 1+ bo/ te 


aa) 


as the expression of propagation constant in sand- 
wich type dielectric in H incidence. : 4 


Even when the elementary plates are made 


_of conducting materials with conductivities Oy an d 
"gy respectively, the above arguments hold ‘still, f 


we replace €, and ¢, BY. 


e1 e1— jae, 8, = = e—jas/o" ; 


respectively, In this case k,, ky defined 
and (4) become 


ky = oFt(e.—josla), ba ts 


> 


ige “Glnake (ba) us)? 


bi /#ts-t Bafta 09 


di lectric on the bases of the results obtained in 
the foregoing section. We consider the dielectric 
s surface so carved that many equally’ wedge-shaped 
ipes. are arranged over the surface. We call 
dielectric the qwedge-teeth dielectric ‘and its 


a eee in Fig. 2. Let the ele 


so chosen that ay plane contacts on the summits 


= : . . ‘ > 
of wedges and z-axis is directed perpendicularly — 


inwards the dielectric. 

“3 Suppose we cut the teeth: of dielectric by a 
“plane: parallel to ay-plane, which is shown by 
the dotted line in Fig. 2. This line is divided by 


surface of wedges in pieces so that its pieces in 


ee >. x— 


Fig. 2 2: Weige -Teeth Dieleetrie. 


a space ehiveos: neighbouring wedges are of 
4 Aecacth by, while those contained in each, dielectric 


eae are of length vos 7 LE the bets hace are sharp, 


tric ca Fig. 1. Hence Denia 


“a6). Tet ‘the height of teeth be denoted by le 
F and the space between two parallel planes z= 0. 
and z= 1 be called: teeth space. 
are slowly varying functions of z which expresses _ 


ain. first and second layer are k, and ky respecti 


uMirough this pile of two ree ie, 


to be calculated. But on account of _complic 


ants aes or hs at the pigne are eee by (18) and (14) that h-given by (15) ann (16) be-— 


Since. b; and bax 


the ordinate of imagined surface, the values of 
h’s or h’s: vary slowly from z=0 toz=l. Since, 
no sudden change occurs in the values of h’s or 
h’s, there is no reflection in electromagnetic wave 
in passing through the teeth space of dielectric. 
Therefore, electric wave propagates into or out. 
of the wedge teath dielectric without reflelection. 

Supposing that the dielectric is not conductive, 


we consider the physical meanings of the equation 4 5 


\ haz = Vi dz+ (ied. an 


the dielectric wave passes through the teeth spa 
In order to explain the physica! Bane of ie: 


The first layer with «1, 41 lies between z= 0 an 
z= a, the second layer with &, #4 lies ‘between 

g—=aandz=l. Since the propagation constants | 
ily, the right hand side expresses the phase cha: 
of plane electromagnetic wave when it passe 
Since e15 ce 


- outside the sa teeth dielectric and 2, ‘By 


ened to electromagnetic constants of the. diele 


men Aicletric by the pile of two layers, the p 
z= a becomes the boundary of two domains — 
We call this boundary the 


ey, “wy and &, My. 


In practical eases, such as designation of len 


the phase ‘change is the most important quant! 


structures of the teeth space, the calculation 

phase change in this space is difficult. ‘Therefore, 
it is convenient to replace teeth space by the: pile 
of two layers mentioned above and to reduce meds E 


teeth ee, to the dielectric of cantar phase Z 


ary. 
When the dielectric is conductive, it is evident 


comes complex value. In this case we consider 


* 


ce of aan where & means ‘the imaginary . 


ms the right quantity, Since imaginary part ordinate & of the imagined plane may ‘be. 


i 
ing use of these . relations, (19) and 2D) becom e 
fee: 


h= “nif 708) Ve =), ; (« roe i 
of the pile already mentioned the right hand hs 1+ z ( 2 as iD (H incidence) - (22 
as) expresses the total attenuation quantity ce ; é, a ei hs 
 respéctively. Hence 


‘A * 


Bes 
(Z incidence) — (23) 


\ the | 


4 ges 


ratings power as the teeth i of conductive fjord \ hdz = Peal 
0 


14+Ve/e,’ 
pie \boundary in the conductive case. The | hd. <: 2k,l/3 { (= sie 1), (incidence) co) 
uctive wedge-teeth dielectric is good absorber ae al abd ae] artes ies at Eitel oF 
tromagnetic wave, because the electroma- _— Op, the other ‘band 
ave transmits without reflection into the 


1 


aed “ade+ J kydz = za tfane- 0} » @ : 


\ 


- By substituting (23), (24) and (25) into a2) we et is | 


' aN ry 


bee's 2 
“ea/e1—1 {Er & 1+ Vey ei/é> ac} ? (e incidence) em) 
\ ’ c nines) i | ; | 
“y B 


(26) and (27) express the’ ordinates of the macro 
copic boundary inE and fee incidences rpapeliies 


bi -+b, 


aye Bede? 
by/#1+be/es ” 


(E incidence) (19) Sepa 8 eft ci 


bt + bier doe, 


sti GE incidence) (20) 


; ~The explanation of White!) for the inversion 
fot certain doublets in the alkali-like spectra of 
some elements, namely, that it is due to the in- 
“teraction between the doublet in question and ano- 
ther inverted doublet arising from a configuration 
“in which one electron in a closed shell of the core 


_ is excited, has been ‘generally accepted. More re- 
< _ cently another theory for the inversion of doublets 
"has been proposed by Araki,”) according to which 
"the inversion is due to an “over-screening” of 
the valence electron by the spin-orbit interaction 
between the valence. and the core ‘electrons result-— 
fi Bing ‘in a negative effective field for the valence 


“electron. He claims an agreement of the caleulat- 
ed separation —4. 0em-! with the observed -3.6 em! 
‘the case of the 4f°F of CuI. The “purpose 
“this note is to examine his calculations more. 


; ved i inversion. , ae 
eo) facilitate discussion, let us Gute Araki’s 


es ‘electron (n, lm, te Me l, 


arnt N+1 N41 ( 


-‘Ta-You Wu. 

Department of Physies: Civienten ‘University, New York. 
ee, 

(Received PU 8, eas 


» Abstract. 


The hades te of Araki that the inversion of doublets in certain alkali spectra is. 

due to the spin-orbit interactions between the valence electron and the core electrons | . 
‘has been examined more closely. It is found that his “good agreement’ between theory = ti 
‘and observation is. the. result of unjustified approximations and that the proposed inter- ne AY, 
eos are entirely inadequate for the explation of the observed inversion. 


Consider an atom or ion with one va- 
rad 1/2); 


ne Sabaz Hill thay, oy 


faa 


} 


® haa tue 
fi 1 id 
q 


Ak, 9) = Ky 12K, ie So Oe alae 


Ah, =A (Cay etear aNlose)} 


ith=[rex a Kyte x oar w= Bohr magi 

y) is the spin-orbit interaction of the separ: 
(2 

etrons; A is the interaction between the spin 

cet aly 


one and the orbit of another electron ; a re 


in term values, — 
‘ ; 


2 aE ea = lt Neer 
Rnepae le 


Lear 2 


Here, for a 4f electron in Cu, 
! 


a= 3 S| 2(21+- YEnt, reas ne 


m= lb=( 


10a, sl tort, hone 
ae ae ee * [ Ra Rise |redriny'drss 
0 Te a . Sfp vA 


t eee 


a aoublet i he evaluates ays in (3) using 


Mm ise than it, for 7 is smaller and there is no 
‘A yuter. shell. That for 4f of Cu may be larger than 
value. . It may be therefore not very different 
om that for 4p of Cs. 


at the screening constant for 4f of Cu is 


Thus he finds’ 5 = 0.163 in atomic units. 


4f of Cu, and finally 


@) 


‘with the observed value —3.6cm-'! 

@ We shall first show that the above “‘agree- 
it”? is. achieved chiefly through the unjustified 
ion that the screening constant for 4f of 

1 4. It is clear from the above quotation 
ere is really no argument for any specific 
ch as 21.4 atall. Granting for the moment 

the rest of the calculations are were 


d now evaluate the matrix element of Ss 


yf electron of Cu. Meo 6 iptronte to the 


assumed by. 


rs 


Pp 


ad of -4,0cem-' as found - Araki. 


4a evaluating the ¢,,,, 43.8, Araki employs | 


genic wave functions for the 4f and the core 


Thus we can assume. 


| RGf)~ ree 


ae which is” 


Pe og 
‘heed 1 Sa a ws 


$ - ratios of Wetedp di eoataising th these wav fu 


It is seen, however, that while the af Ww 
finietion does appear quadratically in. both 


tions. 


grals, the wave function of the core electron 
appears only in the integral in the numerator. As. 
an uncertainty of. only 4 per cent in the anil 
of the Cnt, 438 alone would give rise to an unce 
tainty of 1.2 unit in « and hence an uncertainty | 
of 100 per cent in (Z+-2), it is seen that great | a 
curacy must be employed i in caleulating the Sots 43" 
Instead of hydrogenic wave functions, a mu¢ 
better approximation would be to employ the cor- 
rectly ‘‘screened” wave functions such as given 
by Slater on, the basis of the Hartree field.) Thus } 
with the radial wave functions 


Rils) ~ e-2" & = 28:7, 


Rp) ~ re-*+ere-” 8=14.7, 7= 10.1 
cee PA Tho ate aik e-%r) 


3/680 mt 2.65, 4= 1.25, 
g = 0.25, 


one certainly would obtain different values for the _ 


Cnt, 438 The calculation has not been carried out 


here because no agreement with the experimental : 


result can be ype on account of the small- 


ness of the factor a as pointed out in (i) above. 


(iii) Incidentally, a recalculation of the Cnty a3” 
with hydrogenic wave functions, ‘as done by. Araki, 
leads to quite different values for some of the | 
Snly 438, @S Shown in the following table. It is 4 
then seen that these correct’ ¢,,2, 4;’s give for | 
the value 19.773 so that Zo is positive and \ 
is no over-sereening in this case. 2 Fr Be 


t ni 
tite 


\ Araki’s value Recaleulated: he 
0.9988 
0.8779 
0.9234 — 
0.9772, 
0,9793 
AES 


Sma» 43 


As, 4f 
28, 4f 
2p, af 
3s, 4f 
3p, 4f 
3d, 4f 


0.9988 
0.8779 
0.9234 
0.386 
0.4384 
0.594 


| 


Without ‘further® ‘oalabigGona: one can i 
for.a valence oeehtye with high epcca: que 


Ke: n the former case, even if there is any ‘‘over- 


screening” due to the spin-orbit interaction be- 


tween the valence and the core electrons, the 


- theoretical value for the doublet separation will 


‘be too small to account for the actually observed 


inverted ‘doublets, as shown in (i) above. 


wo H. E. White : 
(2) G. Araki: 


(8) J.C. Slater: 
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Introduction. 
ae Te: “You Wu) made a critical a aineldo on. my 
4 __ theory of inverted alkali doublets. ) His criticism 


: consists of three parts (i), Gi) and (iii) as follows: 
. ' (i) the’ estimated value of r-® is too large ; (ii) the 


3 accuracy in calculating Cult’, 133 (ii) the evalua 
tion of parameters involves some mistakes. As 
a for (ii). and (iii) he is quite right whereas I have 
a slightly . different opinion on (i) and even on a 
4 part of the argument mentioned i in (ii). According 
eo to my recalculation. it seems that the theory has 
a no need of changing. its essential conclusion. The 
"result of the recalculation and some remarks will 


i be accounted for in the. present note. 


s 1. eee hares of Valence Orbi- 
i tal. : 

‘s ‘The ‘quantum Weleots “at, the nf’ oF of Cu are 
»f et e order 0. 01. This does not necessarily mean 


ees te afer: ct By Gentaro ARAKI. | 


ea ae of Industrial Chemistry, Kyoto University. . Baek 9 


' that: the effective charge of the ce orbital is ( 
'to unity contrary to. Wu’ $s argument. 


4 vhyduogen eigenfunction is too rough to obtain the - 


A sper on Ta-You Wu’s Criticism on ‘the Theory of j a 
| Inverted Alkali Doublets. i 


We 2 


derive this effective charge from the spectral 


in the following way. For this DAE we 


hydrogenlike its. ratiiel part is. given by | 
Rul) = = cr’ exp{— (Z—s)r|n} 
hers g-s is the effective charge of the orbits 
and c is the normalization constant. If we neglect ay 
the dependence of core orbitals on » and l, a re-- 
“lation between Z* and s can be easily found by 
reducing the energy integral which is caleulated! % 
by using. the determinantal eigenfunction. of the i a 


atom. The result is given by a 


B= (Z—sy'—(i—8) (1.3) 


: ee ak 


- eore 


i ; {dvat(1) Poore(2)— Pcore(1)¢vai(2)} (14a) 


ree = rtd (1 4b) 


Thus we see that Wu’s argu- 
The dumérical 


Table I 


7 in em-! 
obs.) 
6860.37 
6880.3 


Z*® (obs.) Gale) 
1.083 
2.256 


1.00026 
1.00317 


- Table II 
Z—s 

Na Cu 

1.56 °° 1.68- 
1.85 > 
2,38 
2.85 
3.73 
5.83 
7.87 
9.90 


*. say tela tee A 
4 4-8, 


TB) 


RL SY 
ae | Daa 


‘ing out the angular integration we can 


1 as ‘follows : 


3 =14 5 U4 Aare + Bar) (1. Ba) 


¥ 
5 
’ 

4 


tions. ‘The calculated values of A»’’’ are shown : 


be me 


’ tive. 


a Sma wf — : 


“Table Il 
0.00001. 

* 0.00001" 

* 0.00621 


0.00339 


0.1047 
0.10470 
0.08625 
0.94964 


5 
. — 
— ~~ _____—-- -- 


in the fifth column of Table I. From these values | 


of Z—s, and Z* given in the fourth column we 


obtain the values of Z—s which are shown in the 
sixth column. We see that the effective charge 
is not equal to 1 but 4.3 for Cu 4f. In fact Z—s 
is larger because we neglect Baz’ which is posi- 
The inaccuracy of the hydrogen pias | 


may compensate partly this error. The above 


4 
; 
| 
f 
h 


i 


dd 


mentioned values of Z—s may thus be acwallee 


than the correct values. ce a 


A more accurate valence orbital would inveled 


Z—Z* and a screening constant of = 

f Another, way of estimating the effective charge 
of the 4f orbitals is given by the inter- or. extra- 
polation from hitherto known values on the basis — 
of the method of the self-consistent field. In the, 


_ previous paper) this was crrried out from orbitals 
of different n and &; 


Numerical expressions of 4f orbitals of ‘Wand 


Hg were calculated by Manning and Millman() 4 


and Hartree and Hartree“) respectively. We can 
easily obtain the effective charges of the orbitals 


| 


] 


“| 


tye or three exponentials instead of (1. 2). @) This } 
‘may give rise to a much larger difference between 


1 


from their results assuming the analytical expres: 4 


sions given by (1.2) for the orbitals. The result 


_of.a ough estimation is as follows: Faiges = 41 for 
W 4AZ= 74); Z—s = 47 for Hg 4f(Z = 80). From — 


these values of effective charges we obtain s = 33 
as the value of the Screening constant for both — 
cases. F a 
If we consider this piveeniia to be duc to 46. 
electrons in the Cu core and 4s'4p'4d0e Shells, - the 
mean screening’ per an electron is equal to 33/46. 
The screening of the Cu core is equal to eee 
46 = 20. This value may be smaller than — ¢ . 
correct value because the screening per an cesicon 
in the Cu core must be larger than that in the } 
shell. ~The neglect of the effect ed to outer diag te 
rons mn Partly sink ai ae hese 


} 


. 


3 not equal to unity but .of = order 5~9 pro- 
bably 7. 


Values of Z—o and Cn. 
: 
4 


es 

_ At first sight Z—¢ seems to be a smal] dif- 
i ere.ice of two large numbers and it may be ima- 
) gi ed that a small percentage error of ¢ is enlarged 


= | Zo. But this is not the ease because Z—a 
¢ an be written in the following form : 


+h 


‘ yell = 1+ p> se teats A meee, Ey (2. la) 


Saal { 


, Ww here 


if os uA oo = 6 nr Re, tars) I Ins Pen’i’ (2)Pdr, 
4 (2.1) 


The parameter ¢Cn/2, ni is given by 1—€n7i7, ni- 


My previous values) of ts, 43, 631,43 and C32, 43 
" were incorrect a was pointed out by Wu.) A 
factor 3° was omitted from £3;,43 by mistake. The 
: recalculated values of them using hydrogen func- 
_ tions are shown in the third column of Table IV.* 
However these values are inaccurate because in- 


teractions between electrons are not taken into 


Table IV. Calculated Values of Sn, 4%, 
With self-consistent 


% vebout screening screening constant 

a 5: , Recaleulated 

4 nil’ Wu Sou Keré | } 

e 38 0.386 — 0.3853 0.99998 

3p _—_—-0.4884 0.4423 0.99967 
0.5873 0.99605 


0,594 


* My new values are slightly different from 


pas. 


I think the formers are correct because 


seems robbie that the ae baci of we 


each of orbitals. 


‘ pape’ out in.near future. 


for 38s ; 


_A much better approximation 
would be to employ Slater’s analytical expressions 
oF self-consistent functions as was pointed out by 
Wu.) ae 

As an approximation of the above mentioned 
Slater function we replace the atomic number Be 
hydrogen-like functions by effective charges which © 
are determined for each of orbitals from self- ae 
consistent functions according to Slater’s method, 
where the exponential of the lowest power of r — 
and the inner exponential are adopted.() These 
effective charges for Cu are as follows: 21.62x3 — 
12.328 for 3p; 6.29x3 for 3d. As tl 
effective charge for 4f the yalue given in Table : 
namely 1. 07x 4, is presumably adopted. 

The values of parameters evaluated u 
these screening constants are shown in the fo ! ‘th 
column of Table IV. We see that these values 
are very close ie yee Consequently it seem 
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Probe Measurements for High 
Frequency Discharge. 


By Shoji KoJIMA and Kazuo TAKAYAMA’ 
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va (Received Feb. 15, 1949.) 
Cad ‘ 
e _ The electrical probe is used as a valuable 


method for the studies of d.c. discharges, but it 
‘is not applied for high frequency electrodeless dis- 


_ charges. 


-cireuit.. Then we haye tried to use a pair of pro- 
_ bes. Characters of such probes have been studied 
and it is found that the electron temperature in 
ets discharge is determined. 

-. 


tis 
» 


: Experimental apparatus are shown in Fig. re 
_ Ah. f. field about 200 aoe is applied between 


‘ 


XXL 


2" 


Pig. 1. 


a the parallel electrodes, in which discharge tubes 
ye are put. Discharge tubes contain argon gas at 
| x Othe pressure of i100 mm Hg and have two or three 
4 probes (one is reserved). The probes are set in 
Bathe: neutral position of high frequency field as shown 
‘in Fig. 1. XX’. _ The probe current is measured 
altering the d.c. voltage between the pair of pro- 


oe A eee eet reals is indicated as the dotted 


For the latter case it has no return — 


_ that the saturation current depend only on the re 


- expressed by) 


" mean velocity of positive ions respectively and S ie 


Bigs 2. 
reaches to a saturated value for sufficiently pos 
tive or negative voltage. 

When the probes are not arranged in ne 
position, the probe current has no symmetrical natur 


and often some current flows at the zero voltage. 


ence of ‘high frequency noren tals at ie pos 
of two probes. In this report we shall not discus 


_ this phenomena further. In the ee meast 


If the position is not neutral, the probe tet 
: ivan 

is disturbed by such operation. meh 
We have measured the probe current chee 


ters using various discharge tubes. Tikised 


of the probe which has negative voltage. For ex- 
ample, either pair probes 1—2 or 1—2/ in Fig. 1 show 
the same saturation current when the probe la 
negative. In the case of d.c. discharges the sat 
tion phenomena. of the negative probe is \ 
That mechanism may be applied in t 
Then the saturation current 


known. . 


present case. 


= (1/4) eN.wsS ‘ 


where e, Nx and w+ are the charge, density and 


is the area of the negative probe. 

It appears interesting character when the pro- ae 
bes are displaced near the periphery ‘of plasma 
maintaining neutral position. The probe current 


obtained at such position is shown in Fig. 2.as the © 


} 


a, —~ in both ig for te density of ions is: dif- 
fi erent. af ‘The ratio of saturation currents J,/I, gives 


f te 
the ratio of oS eae aa ‘densities N,/N, provided 


te The sign of the e.m.f. Vz is such that the 
Pr obe inserted in less ionized part is positive. The 
. of this e.m.f. seems to be due to the dif- 
n of electrons. When the density of ioniza- 
i 1 plasma is not uniform, it needs some ele- 


hele to prexent its diffusion. Since the 


ae the rage’ current. Then 


‘usion coefficient. Integrating # we obtain 


pu (3) 


‘When motion of positive 


not negleected, equation (3) replaced by 


_D-+D,. 


= log N, 


bobs oN (6) 


SATURATION CURRENT (A) 


POSITION OF PROBE 
; Fig. 3 


and J,, and electromotive force Ve, are measured 
when the position of pair probes is altered on 
XX’. The calculated electron temperatures from 


those data lie in (2.5~2.8)x10#°K, which are — 


distributed in narrow region compared to the value _ 
of Vaz as 0~4V. To hold the equation (4) it must 
be assumed that the contact potential between the — 
probe and plasma does not differ for any position. : 
Above results suggest that this assumption i . i 
satisfied. 7, a 
, We have determined. sles electron ee gee : 
at various intensity of high frequency field. 
shows that the temperdtate rises with field strengitl h. 
For strong field, however, the probe measuremen’ 
are disturbed by the secondary emission from t] 
probes. 5 
We are indebted to the Ministry of : Bineation 
_ for the seer eh grant. Pe 
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art bl e , re et F K \ : : 2 
_ Hilger’s quartz monochrometer (’’ Wordsworth,, 
type), and its slit is broden to 0.1~0.2 mm. 
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Z j ; 2 2 
There are several researches(). (°). () about the 


inner photo-effect of cuprous oxide and it is re- 
orted that the spectral sensitivity curve has 
maxima at 0.25, 0.63, 0.8 and 2.04. The authors 
investigated on the temperature-dependency of the 


ectral sensitivity and the influences of temper- 


and 1.0 4. / 

a The apparatus for the measurement is the same 
oa as ‘Schénwald’s ; the sample is exposed to the light 
of about 500 eycles per sec., and the change of 
resistance ‘of the sample is detected by means of 
; an) a.c. amplifier of four-stages and an oscilograph 
The monochrometer used is the 


s of. samples between the wave length of 0.5 


= with Braun tube. 


(WartkY (Voth ,,) : . 


| Photo- current oa Ao 


i+ eV 
04 


. byte ar ie gif ‘ 
Coe Ostet 10.8 
Ware eee 


_ Fig. or. 


10 


: ment we used the samples having only one 


Experimental results are as follows: 


(1) The influence of tempering. 
Fig. 1. shows the spectral dependency . of the 
photo-conductivity per unit incident energy of light 


for various samples. The peak value of the photo- 


conductivity for 0.6 becomes larger,, when the 
dark-conduetivity increases by heating and annea’ 
ing in oxygen-gas (The curves I and II), ‘Then, 
the sample is heated and annealed in vacuum, bo 


if tempered in oxygen-gas again, the phot 
ductivity for 0.8 4 increases and so on. i 

Some samples, which were tempered at 5 
in vacuum (10-" mm Hg) for the hours and qu: 
to the room temperature, have the peak o 
photo-conductivity only at 0.8 « (The curve I 

(2) 
values of the spectral sensitivity curve. 
In this me 


The temperature-dependency of the - 


Results are shown in Fig. 2. 
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large noise. 
__ According to our results, it seems proba 


may correspond to the transition of F dootrone ie ; 
the full band to impurity levels in the’ gemi-con- i 
ductor, not to the conduction band. 

We are indebted to the Ministry of Baveation 


for the research grant. 


~ References. 


( . A. H. Pfund: Phys. Rev. 7 (1916) 289. 
( i B. Schinwald: 


JSSR. 11 (1937) 241. 


Silicon Carbide. 


By Goro HonJo.*’ 


ieebuae Tokyo, apie” 
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On silicon carbide, SiC, there have been re- 
rted five modifications. (1) ‘We can take for all 


« Pe icin, hexagonal lattices built of the identical. 


‘ba asal_atomie cae which Ushemselyes are ire 


wnoccupicd in This 
alonuc plane 


3 A, B and C, when they are stacked with 


peter: The aa eereineron among the five 


he ‘di rection of c-axis, In SiC-IV, it is ABCA, in 
_ ABACA and so forth. (Table Ter 


Address, Physics Department, 
‘Tokyo Institute of Technology, Oh-okayama, 


’ Ann. d. Phys. 15 (1932) 395. 
. A. W. Joffe and A. Th. Joffe: Phys. ZS. 


_ basal: atomic planes themselves. a 


nuous radial atveills and diffuse doota, aio 
apparently corresponding to the disordered strue- - 
ture of this kind. a aq q 
The other anomaly found for some specime S, 
which was revealed by the reflection method of 
electron diffraction, is that due to a super ‘struc- } 
ture. The electron diffraction patterns obtained 4 
for the nataral surface (parallel to the basal plan e 
(0001)), with the incident electrons in a-azimath 


[1100] (Fig. 1), showed layer lines of the periodicivy 


_ identical to that of the normal structure in the 


direetion of [1120]. 
electrons in 6-azimuth [1120] showed the periodicity 


Whereas the patterns for the 


one third of that of normal structure ‘in the direc- 
tion of [1100], which manifests the existence of a | 
super structure. The evidence of the one third ; 
periodicity is also favoured by the following ob- 
servations. Generally in electron diffraction pat-_ 


terns of single crystals, there appear arrays of _ 


‘spots which lie on circular Laue zones correspond- 


ing to the interference due to the lattice row on — 
the surface nearly parallel to the incident beam. 
In the diffraction pattorn= of the «-azimuth of © 
specimens with the super structure, two additional ; 
circular Lave zones appear between the first two 
Laue zones corresponding to the normal structure. ; : | 
In order to explain these observations we must 
and a,’ axes as_ the fundamental _ | 
translations in the basal plane, instead of a, and a, 


assume a,’ 


which correspond to the normal structure of SiC. 
(Fig. 1) The lattice period in the direction of the 
c-axis, however, is kept the same in the both stru C- 
ture. This super structure means that there takes - 


place occasionally a structural anomaly in th @ 
ae 


Though the Specimens uhdavings the super- 
structural anomaly are comparatively rare - 
found three instances out of twenty samples: ‘from 


different origins —, this structure seems to exis C 
in this substance usually: It was observed shies 2 
that even for a specimen showing the anual us 


Socarat ae of tha "surface. Soe 


“Table dee 


“as 


15 


; 

a the facts that the one third periodicity above 
i entioned can not be observed in the Kikuchi band 
ef 


even for the electrons of 8-azimuth, and that in ~ 


“the rotation photograph for this azimuth the Bragg 


‘ “reflections coming from the supper structure disap- 
_ pear when their glancing angles exceed, about 4° 


Bor. the electrons of 35 K.e.V. 
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"Absorption of Place Tape Cosmic 
Rays. 


By Yataro SEKIDO ANG Teitiro Y act. 
A, Institute of Physics, Faculty af Science, 
JS . Nagoya University. — 
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¥ At the time of the cosmic-ray flare which 
occurred on March 7, 1942, the absorption of this 
nereased radiation ‘was measured by Ishii et al.(” 
n Tokio. On March 7, when three chambers. were 
in operation in a “wooden thermostatic chamber, 
% another’ one in the basement of the building (roofed 
; th concrete about 80cm_ thick),. each of them 
ecorded the unusual increases of intensities. 
ing the maximum of twenty minutes’ running- 


ge We. 1), the inérement was 840.6% on 


* Recalculated with the more accurate value” of a = 3.076+0.003 using the relation 
eh XZ, hes V2 /V3 xa = height of Si—C tetrahedron. ee 


extra radiation (presumably coming from the 


sevinbst NS OUs oS aie Dia Nyeeisonal Representation* 
| Original Representation - Stacking Order 
me a © Z : , 
‘Rhombohedral ed : 
a= 12.78, 7 = 13°55, Z=5 | 3.076 | 37.68 = 2.511x15 15 ABCBABCACBCABACA _ 
Hexagonal | : 
a = 3.095, c = 15.17, Z=6 3.076 | 15.06 = 2.511x 6 6 ABCACBA 
eeiaonal 
a = 3.095, c = 10.10, Z=4 3.076 10.04 = mash ISvaag! 4 ABACA 
; Cubic : ‘ 
x: a= ‘4.348, Z=4 3.076 Do: "oe Lane 3 ABCA 
ae! yy ~ Rhombohedral 
re ‘ a=43.15,%2=4°6/ Z=17| 3.076°| 128.0 = 2.511x51 Bl akon ts feo eats gas 


the ground and 441.596 underground. We ch 
whether ‘this observed absorption could be explai 
or not by assuming that the absorption of 


ee = Sista a ae Sai a 


! 

1 

' 

' 
Wy 


‘Fig. 1. Cosmic-ray flare observed at 
Tokio on March 7, 1942 (upper curve 
is the average of intensities of three a ae 
chambers, lower that of onecham- 
ber). ; Te 


and hence called S-rays hereafter) is of the ig 


nature as that of ordinary rays. 


1 
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Fig,.2. Latitude effect of Cosmic-ray 
flare on March 7, 1942. 


stants, We shall assume that a similar equa- 
to (1) holds also: for slightly higher energies 
the field-sensitive range. Then, if the range 


O+shield. @ From these two points, the 


elation can be otained, if it is assumed to 


a lense material. Hence, if the ase of 


in air had been observed, the sivines would” 


- does. Thus, the absorption of S-rays 


‘ aare cosmic ke but this “does face 


preclude the possibility that the S-ray is of the i 
same nature as ordinary cosmic says, for the 1 
experimental uncertainty” is considerably large. 

On the other hand, trom the existense of the \ 
latilude effect of S-rays in some latitudes higher 
than the knee of ordinary cosmic rays, such S-rays — 
that reached the high latitudes seem to be more 
penetrating than ordinary cosmic rays. ; yh ’ 

However, a more detailed knowledge will be 
necessary of the latitude effect of charged particl 
approaching the earch from a certain direction, | 
before we can conclude that S-rays and ordinary 
rays are of different nature. op 

In conclusion the authors wish to express their } 
cordial thanks to each of the cosmic-ray group of | 
Nishina Laberatory of the Science Research Tne 
tute for their kind cooperation in this work. 
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~ Central Wires of Muldcles 
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experimental facts show that every central 


= does not play the individual epunter, and some 


‘In order to determine the cause of spurious counts a 
pecial parallel-plate type ‘counter has been con- 
tructed as shown in Fig. 1. 
: Two central electrodes consist of two parallel 
ires; and parallel copper plates sandwitch the 
3 entral wires. The ground joint G (see Fig. 1) is 
used in order to open or close the ebonite, glass 
a quartz partition P as to screen the openings 
among: two central electrodes. (see Fig. :2 A, B.) 
Let the notation @, @, (see Fig. 1.) be the 
counting rate observed from each indivicual cen- 


suffix means the counting rate of No. 2 central 
wire ‘when No. 1 are in counting condition. Then 


2 wire that is caused by the discharge of ad- 
_ jacent wire No. 1 may be computed as follows. 


certain narrow X-ray beam which is striking a 


LS agi point near the central wire No. 1. 


tral wire No. 1, and No. 2; and notation @, with 


. the pe.centage of induced discharge probability of 


and 59% when it is Se (see Fig. 2 A,B) in 
dicating a small difference between two conditions 
of the quartz plate. t leh 

On the contrary when we use the soda glas: 
plate as a partition instead of quartz, the proba 


Me of induced discharge is reduced rome 


; 


’ Fig. 1. Schematic and lateral cross section of test plate-type counter. "Oh aay i 
G: Ground joint, P: Partition, S: Support. sey 


Hig, 2: 
Fig. 3. 
ae 
Igeaset 
Fig. 2, 3, 4. Schematic cross section of , 


test counter showing the position of — 
partition and. electrodes. The electrode 
wires are perpendicular to the cross — 


section. 


en iti is Peas, 
From these Gente! Sci hig it was as- 


: panlats absorption of the photons hick are 
Fig. 3 and Fig. 4 
~ sho’ - the diaphragms of ebonite which controll the 


"produced by every avalanche. 


on transmission coming from one central wire 


the other. In Fig. 3 the photons produced at 


e value of probability in condition as shown 
Pe, e was sete ava to 5% which was the 


om Peas Besa the folidwing fact 


e evolved that even in the self-quenching 
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of dense medium, and by (1—4p) that of rare me 


tively. 7 4 H(1- 
' the mean alae Em = Bi Bil 


Therefore, we get } ane 


bmCm = ¥ {00+ 6; (1—0} E\EyvE, +U—v) Ex, 
where C,,, E, and E, represent the mean velocity, 
elasticity of the air-bubbles and the water, respec 
tively. When a sound wave transmits to the pure 
liquid from the mixed medium, the percentage of 
reflected power is given by {(@mCm—0: Cs)M(Om Cr 
+p; Cy)}?, where C, is the velocity. of sound in the 
clear water. We shall denote by (14 4p) the density 
“a 
dium. The latter is induced by the dissociation of | 
water: It may also be interpreted as has been 
generated by air hole of\4p per unit volume, sov 
becomes the value of 4p. Gradient of sound wave 
is 4o/o,, where , is the original density. ‘Hence, / 
if the original density of water is-equal to 1, we 
can use 4p/p,’instead of v. The reflection coef- : 
ficient may be taken as the power loss of sound. 
The percentage of the power transmitted from the 
bubbly water to pure liquid is plotted as the func- 
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as 
a 
Bon of € dole, ati hig. 1. 
wer and sound gradient may be obtained by the 


The relation between mean 


f vibrating surface and w is the maximum velocity 
* amplitude. Employing this relation, we obtain the 
“curve shown in Fig. 2. When the high power sound 


waves are propagated through the water, it gene- 
‘tenuated by these ‘bubbles themselves. These cir- 
cumstances are shown in Fig. 3 which is constructed 


. ‘that the gradient of sound wave is decreased ab- 


ormally near the sound source. For example, 


te 


Watt, the behaviour of abnormal attenuation will 
become as is shown in Fig. 4. It is also constructed 
the aid of Fig. 2 and Fig, 3. 


tion of continuity in the form of an integral equa-- 


fat) = \ ta e—9),t-9) 
relation W = 1/2-0Cz- Fw?/X, where F’ is the area 
ates the bubbles inside the medium, and is at- 


from Fig. J and Fig. 2. These curves illustrate — 


F=10 em’, 4 = 10cm and the sound power is 1000 


On eke Sie sidcaHon of Boltsmann’ Pret 
Equation. ays 
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We can express the so-called B oltamenn’ S$. equa- 2" 


tion, which is useful for the treatments of she: 
phenomena not in thermal equilibrium. 

we take an ensemble of similar elements é ge 
molecules) and let the variable q denote the pro- 
perties of each element (e.g. position, x; y,z and 
velosity, Vx, Vy, vz). Then the change of distrib 
tion function /(q, t) with time may be express 


as follows according to Boltzmann: 


df(q.t) of , dq Ff _ ae eae 
di me ait ae ag lode © 


changed from the’ other states to the state q ?p 


unit time. by interaction between ‘elements an Y 


fies equation (1). 


, aiq rhe —t} ; = 
op -\ Feast ia} ar }ar pee 
By differentiating equation (2), and by making us 
of the relation —d/dt = d/dr, the above-ment 
result may be easily obtained as follows. 


aches \" fae }ae 


nae 


(a/f+9). 
| In equation (2) a/f is the probabjlity that an 


‘ 


eat ‘ : 


ent will We seatte Git per unit time. Therefore, 


x = 
4 ‘the Shane Eee of the equation will be evi- 


; “Therefore, this equation expresses a gene- 
] of the treatment which Meyer adopted 

n his, theory of heat conduction) 
We can apply this equation (2) to the pheno- 
: mena not in thermal equilibrium, the so-called 


tr an sport phenomena and others. The method was 
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ry of Reerystallication of Cold-- 
Worked Metals. 
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om and the stvatane old matrix, atoms 


latter move a little and rearrange them- 


ey 
Tre to the crystal lattice of the new 


al growth. rs unit of process is generally 
a a single atom, but it isa group of atoms. As 
“ies of atoms in an unit of process seems 
very large, it may be improbable that all 
atoms in a unit move simultaneously across 
potential barrier in one jamp. The atoms will 
cross a barrier one by one, but successively 

ter another with very short intervals, like 


A chain or an avalanche makes an 
eotary, process. If we advance the considera- 
along these lines, we get the following 


the value of 2 as a function of lenipeaeeS ac 


_ This straight line yields an activation energy (E 


a = kew(- BIRD, 


where G is the rate of crystal growth, b a con- iH 
stant, S the strain produced during cold-worki 12 

r the time of relaxation for the movements 
groups of atoms, R the gas constant, T the al 
solute temperature, E the activation energy “of 


nM 


the process, and 4 the length of atomic group } 


' measured parallelly to the direction of erys tal 


growth. 4, and #, are constants which determine 


t 


cording to the equation (2). 
When temperature is kept constant, the eque 
tion (1) reduces to the form \ 


G= GS, \ 


where G, is a constant. 
constant temperatures using the experimental data _ 
obtained by Anderson and Mehl,() we get straight _ 
lines, which coincide very well with the equation 


(3). As we can get the values of G,’s for various _ 


temperatures from the slopes of these lines, ‘we 
can make the log G; versus reciprocals of absolute 


Plotting G against Ss at | 


temperatures plotting, which gives a straight ine | 


+E,) of 58,500 cal. /mol. If we assume £= hs 


= 29,250 eal./mol., we can calculate the values of 


A from the ve bac (2). : 
shows that its value is for instance 320 A. at 400° K. | 


Itisa very striking feature that the atomic group | 
has considerable length, and pices it contains’ 


a good many atoms. ee ai 
ye 

The detail of this paper will be published I later or 

in this journal. ; rae 


_ " Vo 
1 
a 
3.49 ee 


tae 
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| 


The numerical calculation ’ 


aif yey Noworo. 


‘First Faculty of Ruiensarong: ‘University 
io of Tokyo. 


nvedtigators, and its participations to the internal 


ion ete. were thoroughly clarified. The author 


(@+-2a)7"4—ep" d=apT, - (1) 


mpo—epo=0, (2) 
a ep°T—pT=Bp4,, —-—s @)_. 


where A, », © and are isothermal Lame’s constant,. 
rigidity, thermal diffusivity and density respective- 
wy, and p represents the differentiation with res- 
pect to time, viz. 0/6¢. 
ture, dilatation and rotation by which the state of 
‘the solid shall be decided. « and & are thermo-elastic 


‘constants derived from thermodynamic relations as 


out: any deformation. From (1) and (3), we get 


r 4 and T the. equation 
af | 


+ 2e)p'—{(A+2n)p+ Kop }y? ~op'l( a) =0. (4) 


us ‘that the dilatation | ‘4d and the temperature T 
ald be composed of three separate terms res- 
tively — namely the term about the cooling by 
latation for which Ps —B4, and p°T; = 0, term 
ut the expansion by heating for which T, = 

a 21) do and Kp T, = = pT, and finally the station- 
ary term T; and 4; Diffusivity for the second 
erm «’ is less than | K, prmen ie! = wK{l— aB/(A-+- 


frequency. Se {4) are able to Re factorized 
formally as 


T, 4 and © are tempera- 


= (gens and a (2422) TIC, where n is. 
cc efficient of expansion and C is specific heat with. 


expresses (7) in terms of x and o Fig. b shor 


i For the quasi-static equilibrium, in which the . 
ertia force is negligible, solution for (4) shows . 


having the velocity larger than v= 


Arh. © 
where : ; : : 
S Gig =U Bes 98-0) a 


+ (A+2n-+ 2B +K op) +40 pla +25} 
/2e(A+2u)p. (6) 

c and c’ are the velocities of dilatational waves. 
Putting » (A+2z)/0 = v, p = iw and Cie) & Oley —a 
(n—ik)/v, we. get ole 


(nih) = ((e-D£ VED 1 BIB Cx), (7 


where « = Kew/(A+2u+a8) and d= aB/(A+24-+ 
nm corresponds to the index of refraction, and # 
mie the coefficient of pagan for the & 


Fig, 1. 


us that dilatational wave resolves itself into. 
branches (1lasd..[2), 
branch [1] is almost the same as that without an} 
consideration to the conduction of heat, but always 
_and absorbed most between the extreme cases x a 
(isothermal) and «= © (adiabatic). Wave on the 
branch [2] is highly dispersive, and corresponds i 
to the slow progress of the temperature and the 


Wave expressed on t 


dilatation as the conduction of heat, but they dimini 
sh barely less than the case for the conduction: Gln 
heat. y 

The author wishes to thank Prof.G. Nishimura B: 
for his kind guidance. . 
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4 On the Mechanisms of the Grid 


Emission. 
‘By Ken-ici NoGA and Yoshitard OKADA. 


a lazda Research Laboratory, Tokyo Shitaura - 
Electric Co: , Kawasaki. 


- (Received, June 18, 1949). 


‘Bad 1 molecules, which have the heat of evapora- 


ti nat of 2.9e.V.!) As the heat of evaporation of 


He cones ntration of excess Ba atoms in the beam of 
Sy Bad ‘molecules evaporating from a hot cathode 
ted at 1200°K, is about fifty times of that 


the orignal oxide cathode. These evaporating 


hode are deposited on a tungsten filament held 


Bork, the thermionic emission from the filment 

i creases with time as shown by curve I in Fig. 1. 
The change of the work function of the filament 
ained Py the contact potential method is also 
wn by curve II. Both curves” have distinct 


icks at the point A. After stopping the de- 


sition at the point B in Fig. 1, the filament was 


heated at 1000°K. Then the steep decrease in the 
emission was found but the work function obtain- 
‘by the method of Richardson Plot remained un- 
iged. In the case of smaller fraction @ of the 

irface covered with BaO molecules than the cov r- 


ig at the point A, the steep increase in the emis- 


may be attributed to the lowering of the work | 


-— funetion by the dipole moments of the BaO mole: 
¢ ales. As @ increases beyond A, the interaction 


. between the BaO molecules becomes appreciable 
1h 


ess Ba atoms is known to be 2.5e.V.2), the . 


{ 


emission al $o0"k (A) 


from the BaO ae as in tia’ pee oxide 
thodes, composed of thick layers: of BaO. ‘ a 

In Fig. 1, the farther deposition causes the 
slow increase in emission, but when the thickne 
of the layers becomes more than twenty molecular | 
layers, the influence of the, thickness on the emis: | 
sion becomes negligiblly small. The thermioni i 
emission from such thick layers decreases irreve 
sibly by the heat-treatment at temperatures hig! 
than 800°K as shown in Fig. 2. This decrease 
emission, may be due to the Sey eager ie of t e f 
excess Ba atoms by evaporation, or by diffusic 
into the base metal and also to the growth of t 


BaO crystals. 


work function (e¥) 
by s 
By Be Sh 


_ emission at 800K (A) 


emission at sook (A) 


BS 
Fro 


Lime Grin) 
Figs. 1-3. 


After the sufficiently long heat-treatment at . 
1100°K we obtain the stable state (D in Fig. 2) 
whose activity changes reversibly with temper | 
ature. Though the activity of this state is very 
low, it shows almost the same behaviors as an 
usual oxide cathode. Therefore this state seems 
be very similar toa Sintered 9 oxide cathod of coars 
grains”) . 


ee | 
Such processes of the change in sections as 
shown in Fig. 2 are also observed in the case whet 
other metals used as grid material. But it isv 
remarkable that the, activities of BaO layer 


xey sensitive to the ase metals. For. a 


’ possible to suppose that the barium 4a 
reduced by ee phe at a parcels 


cel or gold held at 900° '‘K, the thermionic emis- 
ons from them rise as shown in Fig. 3. Here 


used the “Batalum getter” as the barium 


ree. In the case of tungsten the curve has an 
obvious maximum (curve I) but in the case of nickel 
As the rate of 
raporation is negligible at temperatures lower 
. 1000°K, these results show the possibility of 
In the case 


e is no maximum (curve II). 


he diffusion of Ba atoms into nickel. 
of gold, the diffusion of Ba atoms into it is more 


remarkable as shown in curve Ill. 


Hence, if we use as the grid materials the 
metals into which the diffusion of Ba atoms occurs 
very easily, the concentration of the excess Ba 


atoms, which act as the emission centers in the 


deposited BaO layers, diminishes by diffusion and 
‘thus the decrease in the activity results. 


* a 
a 
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_, On Eigenvalues of Incompletely 
Reducible Matrix. 
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SS ORT Fa a: 


In the theory of atomic spectra, the energy 


alues are usually determined as the pigcur gives 


This treatment is certainly 


to some sub-matrices corresponding to each 


tem pe Bape: But even when this condition 


ting eM of approximation. In order to obtain 


Di ide eek 


numbers of the system of bases together. This 


- the results obtained by Brillouin, 


." unitary transformation matrices Us and Um t 


Hamiltonian, matrix referring to some finite — 


number of bases. 
orrect when the full matrix is reducible complete- . 
oh 


makes often the calculation difficult, on account — 
of enlarged dimensions of matrix. i 
To avoid this difficulty, we intend to generalize 
in which only — 
one base is added to the original bases.!) Making 2 re 
use of the method of hypermatrix?) we get to the . 
general formula to obtain the eigenvalues, without 
increasing the dimension. The problem of such a~ a 
kind may be found frequently in atomic spectra, 
for examples, configuration interaction, spin-orbit 


interaction, Stark effect in strong electric field’) 


and _perturbation phenomena of hyperfine Ss 


ctures. 


O5-( P= 1, 2a es ae , m) are small. Then the matrix 


Anim, in which ¢; and ¢; are taken as the bases 


together, has the form 


pipe (He Ae \, 


A, Hn 


the ¢;’s system and ¢;’s system. A represents tk 


Eapepaee conjugate matrix of A. 


send Ag G Bi dy®, soos: , m). 


a transformation matrix of n+m dimensions Tivek 


as follows 
‘ Un . 0 i , 
Unim = ( ) : 
‘which makes Ais+ 


. Paired) BY 
Unin™ Ensim ( ~ 


where 4,, and Am are the diagonal matrices and B- 


re 


Alnimx == AB n+mX, 


(4) 


eo inal represents a unit matrix of n-+m 
nsions. Regarding (8) as a hypermatrix whose, 


: elements are two square matrices and two rect- 


‘ee 
s angular ‘matrices, we suppose that x also consists 


“two parts, x: of » dimensions and x; of m 


t ie’ 
aim ensions. 


eu 


Then the equation (4) is separated 
“int nto two matrix- ae 


bie 1+ Bx, = Abhay > Bai} Anxs = = AE nx; (5) 


ere E,, and En 
d eget Or we may transform (5) 
y: By Aides = xa 


Bxs; > Bu = (6) 


we peeume +m does not contain 4; 


,n) as eigenvalue, then 


A, }+0, 


m)x2 ° 


det{AH,— 


= = (AE, — 4,,)-'Bxe. 


se matrix-equation of m dimensions; 


—A,)—'Byx, = 0. 


2 Dkmikce 
oie 1A eae 


2 bribes 
det {Q—ajog—B PS “isan 


a eatiey matrix, namely vie =. (G8) 4 ent 


. 


re unit matrices of n and m. 


(2) M. Born and P. Jordon : 


the following. : equation oie of. ®, pr 
det{2L,— An}+0 be assumed. 


binbze 


=O. 
A—A,! 


det (A— —40ar, Se rf ‘jam 


In the particular case m = 1, the equation (9) 
may be reduced to the following equation ~ 


silat = 


stop ak Bimie 


thanks to Prof. r. ‘Yamanouchi for his: valuab 


advices and encouragement given to this work. 


"ie tecesicash ¥ 

(1) Brillouin: J. de phys, 3 (1932), 379 or 
Condon and Shortly: The Tneory of Atomig 
Spectra, p. 37. 

Elementare Quaitenm n- | i 
mechanik, p. 28. é 

(3) The calculation of strong perturbation energy 
of Stark effect of He, taking the matrix ele- 
ments between the states of different principal 
quatum numbers into account, will appear in | 
a later issue of this Journal. : “4 


On the Noise of Rochelle Salt. | 

By Shoji KOJIMA and Kiyoe Kato. . 

Tokyo University of Literature and Science. 
(Received June 13, 1949) © 


‘In the case of ferroelectric substances a 
analogous to the Barkhausen effogt of. aie pt 
netism is expected. Such! noise was studied | 
ese be and ocken with Roghelle salt. “How 


effect. We have studied noises of Rochelle : 


with a high gain amplifier and observed some noi se. 
‘pesides Schénfeld’s one. 


gement shown i in Fig. 1 “The field pes: 


he prvated C is varied slowly and continuously 


ith the aid of a condenser and resistances. The 


300 V is about 30sec. 
e range of frequency from 200 to 20,000 c/s with 
B sain of 120db. Noise is observed by a cathode- 


The amplifier works in 


y oscilloscope. Hysteresis loops operated by 50 
( Is are also observed with a gathode-ray oscillos- 

ype by a Mueller arrangement. 

os When the voltage applied to ,the ‘erystal is 
“sweeped from --300 to +300V repeatedly, many 
noise pulses are observed as shown in Fig. 2a. 
At first with respect to heights of pulses these 
“noises are grouped in two; the large noise and 


: he small noise. The pulses of the large noise have 


beg Bi 
ae petted Field 


about 10~100 fold heights of the small one, The 
large noise appears mostly on the saturation region 
Hot _the hysteresis loops. When the voltage is 


L nged as shown in Ae: 2b, this noise does not 


+500Y%Em —500 


“+500 Ym 500 


regions as aed in n Fig. 2, which dovresponds to 
sta steep parts of the hysteresis loops as Fig.3: 


ee smaller dimension of crystals. 


is useful in experiments to ak them from 
the Schonfeld noise. 
- > The small noise seems to originate in the ‘< 
Barkhausen effect. | 
Some rough a eR ad of the Shame of pulses 
by the cathoder-ay oscilloscope showed that the | 
charge of the pulses were 10-!'~10-' coulomb 
and that the time of polarization was 10-2~.10-4 “at 
sec. : vs 42 f 
Temperature dependence of the noise has be 
studied between Bi mdoG, It is obtained that t 


. Sadat is lowered ee from 40°C.: ai 


the sreekily used pereiate is 2em _by am By 
iF 


The noise is als 
affected by humidity. Whe» surface leakage s- 
lower than 10-"° mho, the leakage noise pr do- 


minate. 


for us Rochelle cd anlar 
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On the Electrostrictive Effect of “4 : 
Barium Titanate. . 


By Yutaka TAKAGI and Etsuro SAWAGUCHI. — 
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Meguro-ku, Tokyo: 


(Received June 30, 1949) 
In a recent paper,() Mason has reported the . 
electrostriction of BaliO; ceramic estimated from 


the electromechanical vibration. Now, by making — is 
5 


noe Sho: = otes. 
“use of a “Michelson's ede tenwutteiet we have suc- 
hs ceeded in observing statically the transverse elect: 
ie rostrictive effect in a thin plate of BaTiO; ceramic 


prepared in our laboratory.’ 


1 me, Then it was suitably attached to one mirror 
the interferometer to- measure the striction 


allel to the 22mm edge. The polarizing d.c. ae ea spi ater be fe Be | 
mum strength; ------ 20 kv/em maximum — 
strength ; —+— 30 kv/em maximum strength. 1 
es, 10kv/em, 20kv/em and 30 kv/em in three a ’ ce |! 


experiments. Always it was changed by a const- necessary to investigate the manner how the twin 
(2), (3) i the change of. 

is ant jump of each 2kv/em, and then ‘at each stage. praia rf Ragen during : g a 

“retained unaltered for about one minute, Imme- dielectric polarization. — 


dia ely before the field intensity was altered, the In relation with the electrostrictive effect; tk 
jon was measured. dielectric constant in the same direction as that of © 


was applied between the silver plated faces. 


ae 4 . > 
t was increased step by step to its maximum 


‘As might be expected, indeed, the transverse d.c. field was iste se the same specime 4 
trostrictive effect was found to be a contrac- the results are shown in Fig “ae The meant aan 
| The strain vs. field strength oriietia shown was carried out under the similar condition except : 


y 


Fig. 3. Dielectric constant as a function of 
biasing field. for 10 kviem. maximum 
strength; ----- - 20 ky/em maximum streng 

30 kv/em maximum strength. 


Fig. 1 Successive shift of strain hysteresis 
. curve accompanying with several 
cycles of biasing field. 
that an a.. field of 1103 ke/sec, less than 20 vje mM 


ne 4 
field is reversed several times it is seen that the was neper posed The curve eae shows ie se 


mes esidual strain increases, and besides, the strain 

i curve becomes approximately reproducible. The 

_ result in these final states are shown in Fig. 2. 

_ The order of magnitude of the value obtained is 
agreement with Mason’s yalue. 

It will be seen in Fig. 2, that there is a 

‘ saturation tendency as might be expected from the 


~ 


Sood of decreasing field. Moreover, there is 
markable diversity between the tendency — 


ee ilna curves of episiaiges and: curve 


steresis loop. However, it is noteworthy that 
“g in “the case of large amplitude of field strength, 
“aneh as 30kv/em, the: maximum amplitude of ae 
_ strain cycle is rather smaller than that in the case | References. 
¥ of 20 kv/em. To explain this fact, it should be 


decrease of shimitsivity is not to be comblsel 
explained by the alignment of domains only. — 


a 
- 


(1) W.P. Masen, Phys. Rev. 74 (19 


Rotation in Solid Normal 
Hexadecyl Alcohol. 


i ‘By Methieba KAKIUCHI and Tosio SAKURAI. 


In astitute of Science and Ped hotblogh, University 
op of Tokyo. 
(Received J uly 30, 1949). 


‘. _ Normal hexadecy] alcohol (cetyl aleohol) is well 
snown to have a phase transition in solid state,) 
hd its anomalous dielectric behaviors are often 

We have 

investigated the diffraction of. X-rays) by n- 


attributed to molecular rotation.(),() 


hexadecyl alcohol and reached to the conclusion 
‘that the molecules rotate around their long axis as. 
A. Miiller has found in case of paraffines.(°) 


ee ’ Recently we have measured the specific heat © 


and found its anomaly at exactly the same tem- 
perature where the lattice transformation sets in. 
ie The calorimeter is made of copper, containing 
equally spaced thin copper disks which facilitates 
‘the heat conduction. Its total weight is about 54 
grams and the entire surfaces are nickel plated 
| for the purpose of preventing the chemical reac- 


‘tion between the sample and copper. The moltea 


Beavis ‘weighing about 13 grams is poured into 


ne calorimeter and then solidified. The heat cap- 


ing to that of Sykes’. (6) . 
~ One of the results is shown in Fig. 1, the 
ple’ being. the same as was used in our X-ray 


studies (curve A). The anomaly is clearly seen at 


egin to rotate. The curve is rather bell shaped 
of. the total molecules are still librating at the 


| transformation point. 
. _ The heat of transformation sometimes reaches 
nearly half the value of the heat of fusion. 


mal poston and it is Hee Centayy. to cool the 


ns otherwise the specific heat anomaly almost disap-. 


higher the transformation point becomés (See 


y is‘measured by a continuous method resembl- ; 


bout 20°C, the temperature at which molecules 


i an of 2 “type, showing that nearly half anumber. __ ed by Eyring in case of anomalous electric conduc- _ 


results are, however, greatly affected by the 


pears, because of the tendency that the molecular ee 
rotation persists for a long time at the temper- 
ature just below the fear eatin point. The ie 
transformation is also greatly affected by the purity 
of the sample. The more the sample pure, the 
Fig. 1). 


pure, the essential point of our results is believ- 


Although our sample is not perfectly 


ed to be correct. Further. purification is now in 


progress. 


cal/mol. deg. B B r 


“VGH OIdIodds 


’ TEMPERATURE 


Fig. 1. | 

Measurement was done, by raising temperature. 

Curve A: The sample same as former X-ray oom 
Bb studies. 

The sample purified by acebaates “ 

ing the above. 


Curve B: 


ie 
te 


» 


Dielectric properties of this substance: were 
already studied by’ various investigaters. (4), @) Re 2 
cently Hoffman and Smyth) have reported the 
extensive study of the dielectric properties, of nor- 
mal higher alcohols and attributed the anomaly to 
the molecular rotation, where the proton inanereen 


and molecular rotation mechanism as wassuggest- 


tivity of ice is considered to be responsible for the 
larger values of low freqdency dielectric constant. — eo 
We have-also started the dielectric measurement() — Bi . 
along exactly the same line, and the results will 
be published in near future. . | 

A part of the expense of our experiment was 3 


defrayed from the Ministry of Education. 


et 
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* Mellayers of 4/4 Thickness. 


By Kozo IsHiGuRoO. 


iysical Institute, Univer sity of Tokyo. 
(Received July 30, 1949) 


4 einstein() as’ the starting point. Then, if one 


e layer of thickness h, is added on the k—1 


Nel layers on the glass surface, the following 


+ (uK+1 Ne exp revs? =F peu (1) 


= {(wex:—n) exp (—ivzhx)ar* ’ 


“ 


+ (tei + Un) exp (ivrhy)en-}/ 2Uk+1 
\ 


(2) 


= \xn- [xx*|?, yy 1—Rx 


J. Inst. Metal 12 (1936) - 


such transformation. . F | 


It is convenient to introduce the followings 


transformation* : | “: “e 


“i 
zn +n = ax 
ont —ate~ = aby 
Then (1) is easily transformed into 
G41 = O70 —PE by 


brat = (etx | ures )F xn + Orbx) 


0; = cos urhz 


Oy, = —sin oh. © 
% dhe a) Al 
The fact that the coefficients of (5) do not involy 
imaginary quantity is one of the advananaom 

In the case of the so-called a lanes ny 
generalized sense, we have 


. 


vehe = ee cos $, = 7/2 or minh cos ye = a 
rn % phe, setee mo 
Hence 0, = 0, Y= 1 and (5) becomes . 
Or41 = bp, bre = —(usfuees dae 
Using (8), (4) and (2), it is easily shown ia 


mt = (— VAN: . she aay Ur 


# (1/)(—)* {re (aayetg a tens) ae m ie 
A; 


Hwan x6 bende [urns HR ue) 
ye we 


From (8), the reflectivity and transmis 


given. by 


Re = |r fie? = Mires see 


T= 1- Re MG rola ler ital % 


and B, ae as possible and that the existence ae 
4/2 layer is equal to the existence of two succes- 
sive 4/4 layers of the same refractive index and 


" has no influence on the reflection. / aut 

“course, the thi ites ha ot evety. layer must Finally, it should be remarked that the trans-— 
isfy the eniher(h missivity Ty = ,|Eyt|2/mz|Ext|? (= (ue cos"Sx/te 
Pee to Weinstein’ 3 definition of tip, ie, -€08"H,)) eo /ze*? oF (ro/ns)i¢e*/ye*|") in Weinstein’s. 


paper is to be corrected to Ty = m% eos $,|Ey*|?/ : 


2, cos $,| Ey, + | 
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Bia # 


s 0) it can. be seen fine the. Condition of zero - 
flection is _ * The author’s original calculation did not u: 
such transformation and was more complicat 

The method in this paper owes mainly to ‘Tos G 

_ Kato of our institute. - 
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